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@ 5,6-Bicyciic glycoprotein lib Ilia antagonists useful in inhibition of platelet aggregation. 

@ This invention relates to 5,6 fused ring bicydic compounds Inclusive of indoles, benzofurans, and 
benzothiophenes, and conresponding to the formula (I) 



CO 

in 
in 
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(Lb) 



,X4 



I 'I ' 



X2 



(I) 



substituted with both basic (B) and acidic (A) tunctionality, which are useftil in inhibition of platel^ 
aggregation. 
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Field of the Invention 

This invention relates to 5,6 fused bicydic ring compounds useful as glycoprotein llt)/llla antagonists for 
the prevention of thrombosis. 

5 

BackgiDund of the Invention 

The most prevalent ischemic arterial heart disease states are related to platelet dependent nan^wing of 
the blood supply such as atherosclerosis and arteriosclerosis, acute myocardial infarction, chronic stable an- 
f 0 gina, unstable angina, transient ischemic attacks and strokes, peripheral vascular disease, arterial thrombosis, 
embolism, restenosis following angioplasty, carotid endarterectomy, anastomosis of vascular grafts, and etc. 
These conditions represent a variety of disorders thought to be initiated by platelet activation on vessel walls. 

Platelet adhesion and aggregation is believed to be an important part of thrombus formation. This activity 
is mediated by a number of platelet adhesive glycoproteins. The binding sites for fibrinogen, f ibronectin and 
f5 other factors have been located on the platelet membrane glycoprotein complex llb-llla. When platelets are 
acth^ated by an agonist such as thrombin, the GPIlb-llla binding site becomes available to fibrinogen, leading 
to platelet aggregation eventually resulting in dot formation. 

Heretofore it has been proposed to block these fibrinogen binding sites by the use of various therapeutic 
agents. For example, U.S. Patent No. 5,250,679 describes bicydic nonpeptklyl platelet aggregation inhibitors 
20 having specif teity for the GP llb-llla receptor. 

There is a need in the area of cardiovascular and cerebrovascular therapeutics for alternative agents to 
those currently in use for prevention and treatment of thrombi. 

It is a discovery of this invention that certain novel bteydic compounds block the GPIIt>-llla fibrinogen re- 
ceptor, thereby inhibiting platelet aggregatbn and subsequent thrombus formation. Phanmaceutical formula- 
25 tions containing the bicydic compounds of this invention inhibit aggregation and are useful for the prophylaxis 
and treatment of thrombogenicdiseases, such as myocardial infarction, stroke, and peripheral arterial disease. 

Sumnfiary of the Invention 

30 The present invention relates to novel 5,6 bicydic fused ring systems functk>nalized with both an acidic 
and basic component that serve as antagonists of the GPIIb/llla receptor where said compounds are repre- 
sented by the formula (I), and all pharmaceutically acceptable salts, solvates, and prodrug derivatives thereof. 



AO 




45 

wherein: 

Xi, X2, and X3 of the 5 membered ring are independently selected from carbon, nitrogen, sulfur, and 
oxygen, with the proviso that at least one of Xi, X2, and X3 is carbon; 

X4, Xs. Xe, and X7 are independently selected from carbon, nitrogen, sulfur, and oxygen, with the proviso 
50 that at least two of X4, Xs, Xe. and X7 are carbon; 

Xaa, the bridging atom, is selected from the group consisting of carbon and nitrogen; 
B is a basic group linked to the six membered ring by linking group -(U)-. where -(U>- is; 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

55 A is an acidic group linked to the five membered ring by linking group -(UJ-, where -(U) is; 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 
n is an integer selected from 1 to 5; 
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(Ri)n are organic radicals attached to one or more of the atoms X^, X2, and X3 of the five membered 
ring and where are independently selected from A, A-(l^-, hydrogen, alkyi, halosubstltuted alkyi, hydrox- 
ylalkyi, alkenyl, alkynyl» cycloalkyi, aryl. aryloxy, aralkyt, hydroxy, alkoxy, aralkoxy, cark>amyl, carboxy, acyl, 
cyano, halo, nitro, suifo, and when any of Xi, X2, and X3 have two sites for substitution, then Ri may also be 
=0; 

m is an Integer selected from 1 to 7; 

(R2)m are organic radicals attached to one or more of the atoms X5, Xe, and X7 of the six membered 
ring and where R2 are independently selected from B. B-(Lb)-, hydrogen, alkyt, hydroxyaikyi, halosubstltuted 
alkyI, alkenyl, alkynyl, cydoalkyi, aryl, aryloxy, aralkyi, hydroxy, alkoxy. aralkoxy, carbamyl, amino, substituted 
amino, acyl, cyano, halo, nitro, sulfo, and when any of X4, Xs, Xe, and X7 have two sites for substitution, then 
R2 may also be =0. 

Another aspect of the invention are pharmaceutical formulations containing the novel 5,6 bicydic com- 
pounds of the invention. 

Another aspect of the invention is a method of preventing thrombosis by administering to a mammal the 
novel 5,6 bicydic compounds of the invention. 

Detailed Description of the Invention 



The term "5,6 bicydic compound", refers to a chemical compound having a nudeus formed from fused 6 
and 5 membered rings as represented by the formula: 



where the dashed lines Indicate optional unsaturatlon. The term "atkyl" used herein refers to a monovalent 
straight or branched chain radical of from one tof ifteen carbon atoms, induding, but not limited to methyl, ethyl, 
n-propyt, isopropyl, n- butyl, isobutyl, tert> butyl, n-hexyl, and the like. 

The temi, "halosubstltuted alky!" as used herein refers to an alkyI group as just defined, substituted by 
one, two or three halogen atoms selected from fluorine, chlorine, bromine, and iodine. Examples of such groups 
include chloromethyl, bromoethyl, trifluoromethyl, and the like. 

The term, "aryl" as used herein refers to an organic radical derived from an aromatic hydrocarbon by re- 
moval of one atom; e.g., phenyl. C^^ alkylphenyl, naphthyl, toluenyl, benzyl, and methylbenzoyl. 

The term "alkenyl" as used herein refers to a monovalent straight or branched chain radical of from two 
to six carbon atoms containing a carbon to carbon double bond including, but not limited to, 1-propenyl. 2-pro- 
penyl, 2-methyl-1-propenyl, 1-butenyt, 2-butenyl and the like. 

The term, "alkyfene" as used herein refers to a divalent straight or branched chain group of from one to 
ten carbon atoms, Induding but not limited to, -CHr , -(CH2)r. -(CH^, -CH(CH3)-. -CHCCaHg)-, -CH(CH3)CH2-. and 
the like. 

The term "alkenylene" as used herein refers to a divalent straight or branched chain group of from two to 
ten carbon atoms containing a carbon-carbon double bond, induding but not limited to, -Ci-I=CH-, -C(CI-l3)=CH-, 
CH=CH-CH2-, -CH=C(CH3)-CH2-. -CH2CH(CH=CH2)CH2. and the like. 

The term, "alkynylene" as used herein refers to a divalent straight or branched chain group of from two to 
ten carbon atoms containing a carbon-carbon triple bond, induding but not limited to. 
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and the like. 

The term, "amidino" refers to the radical having the structural formula; 



NH 



NH2 



The term, "amino" refers to radicals derived from primary, secondary or tertiary amines. 
The term, "t>ond" refers a linkage between atoms consisting of an electron pair. 
The term, "ackJk: group" refers to an organic radical which is a proton donor. 
20 The term, "basic group" refers to an organic radical which is a proton acceptor. 

The words, "pharmaceutlcally acceptable salts* incluse both acid and base addition salts. 

Compounds of the Invention: 
25 Compounds of this Invention have the general formula (I) shown below: 



30 



35 



\ 



(Ri), 



'Xi (La) 



(I) 



and all pharmaceutlcally acceptable salts, solvates and prodrug derivatives thereof. 
40 wherein: 

Xi, X2. and X3 of the 5 membered ring are independently selected from carbon, nitrogen, sulfur, and 
oxygen, with the proviso that at least one of Xi, X2, and X3 is carbon; 

X4, Xfi, Xe, and X7 are independently selected from carbon, nitrogen, sulfur, and oxygen, with the proviso 
that at least two of X4, Xg. Xe, and X7 are carbon; 
^ Xaa, the bridging atom, is selected from the group consisting of carbon and nitrogen; 

B is a basic group linked to the six membered ring by linking group -(1^)-. 
where -(U)- Is; 
(i) a bond, or 

00 a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 
so A is an acidic group linked to the five membered ring by linking group -(LJ-. where -{l^ is; 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 
n is an integer selected from 1 to 5; 

(Ri)„ are organic radicals attached to one or more of the atoms Xi, X2. and X3 of the five membered 
55 ring, where each Ri is independently selected from A. A-{L^, hydrogen, alkyi, halosubstrtuted alkyi, hydrox- 
ylalkyl, alkenyl, alkynyl, cycloalkyi, aryl, aryloxy. aralkyi, hydroxy, alkoxy, aralkoxy. carbamyl. carboxy, acyl, 
cyano. halo, nitro, sulfo, and when any of Xi, X2, and X3 have two sites for substitution, then Ri may also be 
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m is an integer selected from 1 to 7; 

(R2)m are organic radicals attached to one or nnore of the atoms X4, Xe, Xq, and X7 of the six membered 
ring, where each R2 is independently selected from B, B-(Lt>-, hydrogen, alkyi, hydroxyalkyf, halosubstltuted 
alkyi, alkenyl, alkynyl, cydoalkyl. aryl, aryloxy, aralkyi, hydroxy, alkoxy, aralkoxy, carbamyl, amino, sut)stituted 
5 amino, acyl, cyano, halo, nitro, sulfb, and when any of X4, Xs, Xe, and X7 have two sites for 8ut>stitution, then 
R2 may also t>e =0. 

The dashed lines in the structural formula (I) signify the opttonal presence of an additional bond, that is, 
unsaturation that will tend aromatic character to the ring structure. It will be understood that the bridging atoms 
will either be unsubstituted or substituted (with hydrogen) depending on the degree of unsaturation in the bi- 
10 cyclic ring system. Thus, the bicydic nucleus of the compounds of the Invention may be formed from ring sys- 
tems inclusive of, but not limited to, any of the nuclei represented by the following forty structural formulae: 
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where n is an integer from 1 to 12 and R4 is Independently selected from: 



•(C;-C? aikyl) 
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-CONR' 



30 (pyridinyl ) 



■S02R' 



and where R' is H or C1-C12 alkyl. 
40 Particularly preferred acidic groups are those which contain carboxyl functionality. 

The t)asic group B Is a proton acceptor illustrated by, but not limited to, the following groups: 
annino, 
guanidino, 

45 NH 



A. 



NH2 
SO 

and 

55 

^ NH 
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The linking groups -(U)- and (La)-, which attach groups B and A, respectively, to the bicydic nucleus may 
both be independently selected from 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

Alkylene. alkenylene, and alkynylene groups are useful as linking groups -(U)- and -(La)-. 
Preferred linking groups have 4 to 8 chain atoms. It is particularly prefenwJ that the sum of the chain atoms 
in -(Lb)- and -(La)- of fonmula be from 6 to 16. 

Linking groups and unsaturated ring structures containing parts such as; 

H H 

have cis and trans forms and both such forms and their mixtures in all proportions are within the scope of this 
invention. 

Preferred linking groups -(La)- for the add group A are selected from the group consisting of the following 
formulae: 

(bond), 




I 

C CH2 
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and where R7 is independently selected from hydrogen. C1-C12 alkyi, phenyl, C1-C12 alkenyl, C1-C12 alkynyl. 
and C4-C8 cycloaikyi groups. 

Preferred linking groups -(U)- for the base B are selected from the group represented by the following for- 
mulae: 

(bond) 




O 
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Preferred compounds of formula (I) are those wherein Xi and X2 are selected from carbon and nitrogen 
and the acidic group with Its linking group, A-(Lfl>-, is substituted on either ring atom Xi or X2. 
20 Other preferred compounds of formula I are those wherein X5 and Xe are carbon and the basic group with 
its linking group, &*(Lb)-, is substituted on either ring atom Xe or Xe. 

A particularly preferred compound (and all pharmaceutically acceptable salts, solvates, and prodrug der- 
ivatives thereoO of the invention is shown in formula II below: 



30 




(II) 



35 where all substituents are as previously defined. 

In fonnula II the placement of the A, B, and their respective linking groups is limited, that is, B-{1^}- may 
only be substituted on ring atoms Xs and Xe, and A-(La)- may only be substituted on ring atoms X^ or X2. 

Preferred compounds corresponding to formula II are those wherein the 5,6 bicyclic nucleus and the pos- 
ition of the A-(Le)-and B-(Lb)- substituents are selected from the group consisting of the substituted nuclei rep- 
40 resented by the following thirty structural formulae: 



45 
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Particularly preferred compounds of formula II are those wherein the 5,6 bicydic nucleus and the position 
of its substituents B-(Lb)- and A-(La>- are selected from the group consisting of the substituted nuclei repre- 
sented by the following nine structural formulae: 
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B-(Lb) 
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where R5 = 
-C(0)R'. -SO2R'. -R' 
where R* is H or C1-C12 alkyl. 
Astill more preferred subset of compounds of formula II are represented by formula III which are 5,6 bicyclic 
35 indde-type compounds (and all pharmaceutlcally acceptable salts, solvates, and prodrug derivatives thereof) 
having a basic group substituted on the X5 ring atom as shown below: 



40 



45 



(Lb) 




(R2) 



(La) 



(III) 



50 



55 



wherein: 

X2 and X5 are carbon; 

X3 is independently selected from carbon and nitrogen; 

X4. Xe, and X7 are independently selected from carbon and nitrogen, with the proviso that at least two 
of X4, Xe, and X7 are carbon; 

B is a basic group linked to the six membered ring by linking group -(U,)-. where -(Lb)- is; 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

A Is an acidic group linked to the five membered ring by linking group -(U)-. where -(La)- is; 
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(i) a bond, or 

(iO a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 
(Ri) Is selected from A, A-(Lq)-, hydrogen, alkyi, hydroxyalkyi, halosubstltuted alkyt, alkenyt. alkynyl, cy- 
cloalkyl, aryl, aryloxy, aralkyi, hydroxy, alkoxy, aralkoxy, carbamyl, carboxy, acyl, cyano, halo, nitro, sulfb; 
p Is an integer selected from 1 to 3; 

(R2)p are organic radicals attached to one or more of the atoms X4, Xe. and X7 of the six membered ring 
and where R2 are independently selected from B, B-(U)-. hydrogen. alkyl» halosubstltuted alkyi, hydroxyalkyi, 
alkenyi, alkynyl. cyctoalkyi, aryl, aryloxy, aralkyi, hydroxy, alkoxy, aralkoxy, carbamyl, amino, substituted ami- 
no, acyl. cyano, halo, nitro, and sulfo; and 

R3 is hydrogen, halo. Ct-C4 alkyI, C2-C4 alkenyi, C2-C4 alkynyl, C1-C4 alkoxy, CrC4 haloalkyi, aralkyi, 
alkaryi, hydroxyalkyi and acyl. 

Astill more preferred subset of compounds of formula II are represented by formula IV which are 5,6 bicyclic 
indole-type compounds (and alt pharmaceutically acceptable salts, solvates, and prodrug derivatives thereof) 
having a basic group substituted on the Xe ring atom as shown below: 



(Lb), 




2 (La)- 



(IV) 
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wherein: 

X2 and Xe are carbon; 

X3 is independently selected from carbon and nitrogen; 

X4, Xs, and X7 are independently selected from carbon and nitrogen, with the proviso that at least two 
of X4. X5, and X7 are carbon; 

B Is a basic group linked to the sbc membered ring by linking group -(U)-* where -(U)- is; 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

A is an acidic group linked to the five membered ring by linking group -(Le)-, where -(L«)- is; 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

Ri is selected from A. A-(La)-, hydrogen. alkyI, hydroxyalkyi, halosubstltuted alkyI, alkenyi, alkynyl, cy- 
cloalkyl, aryl, aryloxy. aralkyf, hydroxy, alkoxy, aralkoxy. carbamyl, carboxy, acyl, cyano, halo, nitro, sulfo; 
p is an integer selected from 1 to 3; 

(R2)p are organic radicals attached to one or more of the atoms X4, Xe, and X7 of the six membered ring 
and where R2 are independently selected from B, B-(Lb)-> hydrogen, alkyI, halosubstltuted alkyl. hydroxyalkyi. 
alkenyf, alkynyl, cycloalkyi, aryi, aryfoxy, aralkyi, hydroxy, alkoxy, aralkoxy, carbamyl, amino, substituted am^ 
no, acyl. cyano. halo, nitro, and sulfo; and 

R3 is hydrogen, halo, CrC4 alkyl, CZ-C4 alkenyi, C2-C4 alkynyl, CrC4 alkoxy, Ct-C4 haloalkyi, aralkyi, 
alkaryi, hydroxyalkyi and acyl. 

Another highly preferred subset of compounds of formula II are represented by formula V whteh are 5,6 
bicydic benzofuran-type compounds and all pharmaceutically acceptable salts, sohfates, and prodrug deriv- 
atives thereof) as shown below: 
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wherein: 

X2 and X5 are carbon; 

X3 is Independently selected from carbon and nitrogen; 

X4, Xe, and X7 are independently selected from carbon and nitrogen, with the proviso that at least two 
of X4, Xe, and X7 are carbon; 

B is a basic group linked to the six membered ring by linking group -(Lb)-, where -(Lb)- is; 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

A Is an acidic group linked to the five membered ring by linking group -(U)-, where -(La) is; 
(i) a bond, or 

(iO a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

R, is selected from A. A-(LJ-. hydrogen, alkyi, hydroxyalkyi, halosubstituted alkyi, alkenyt. alkynyl, cy- 
doalkyi, aryl, aryloxy. aralkyi, hydroxy, alkoxy, aralkoxy, carbamyl, carit)oxy, acyl, cyano, halo, nitro, sulfb; 
p Is an integer selected from 1 to 3; 

(R2)p are organic radicals attached to one or more of the atoms X4, Xe, and X7 of the six membered ring 
and where R2 are independently selected from B, B-(Lb)-, hydrogen, alkyi, halosubstituted alkyi. hydroxyalkyi, 
alkenyl, alkynyl. cycloalkyl, aryl, aryloxy. aralkyi, hydroxy, alkoxy, aralkoxy. carbamyl, amino, substituted ami- 
no, acyl, cyano, halo, nitro, and sulfo. 

Another preferred subset of compounds of fonmula II are represented by formula VI which are 5,6 bicyciic 
benzothiophene-type compounds and all phamfiaceutically acceptable salts, solvates, and prodrug derivatives 
thereof) as shown below: 



35 



40 



(Lb) - ^X4 



(R2)c 




'(La)' 



(VI) 



where the substituents of formula VI are as prevkHJSly defined for formula V. 

Specific compounds of the invention which are highly pieferred are represented by the following structural 
45 formulae X to XXIV (and mbctures thereof) and all pharmaceutlcally acceptable salts, solvates and prodrug 
derivatives thereof: 
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H.N, 




CO.H 



(X) 
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(XXII) 



(XXIII) 



(XXIV) 
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aXXVIII) 



and mixtures of XXVI to XXXVIII; 
where 

R6 = 

CH3, CH2CH3, CH2CH3CH3, 
CH2CH2CH2CH3, CH2CH2CH2CH2CH3 



CH2CH2CH2-(r^^ CH2CH2CH2OCH3 



CH2--Q^ CH2CH2CH2CH2CH2-^©^ 




The compounds of the invention possess at least one acidic functional sul)stituent (viz.. A of Formula I) 
and, as such, are capable of forming salts. Representative pharmaceutically acceptable salts, include but are 
not limited to. the alkali and alkaline earth salts such as lithium, sodium, potassium, calcium, magnesium, alu- 
minum and the like. Salts are conveniently prepared from the free acid by treating the add in solution with a 
base or by exposing the acid to an anion exchange resin on the salt cycle. 

Included within the definition of pharmaceutically acceptable salts are the relatively non-toxic, inorganic 
and oiganic base addition salts of compounds of the present invention, for example, ammonium, quaternary 
ammonium, and amine actions, derived from nitrogenous bases of sufficient basicity to form salts with the 
compounds of this invention (see. for example, S. M. Berge, et al., "Pharmaceutical Salts." J. Phar. Sd., 66: 
1-19(1977)). 

The basic portion of the compounds of the invention (viz., group B of formula I) may be reacted with suitable 
oiganic or inorganic acids to fonrn salts of the invention. Representative salts indude; acetate, benzenesul- 
fonate, benzoate. bicarbonate, bisulfate, bitartrate, borate, bromide, camsyiate, carbonate, chloride, davulan- 
ate, citrate, dihydrochloride. edetate. edisylale. estolate. esylate, f umarate. gluceptate. gluconate, glutamate. 
glycollylarsanllate, hexylresorcinate. hydrabamine, hydrobromide, hydrochloride, hydroxynaphthoate. Iodide, 
isothionate. lactate, lactobionate, laurate, malate. malseate, mandelate, mesylate, methylbromide, methylni- 
trate, methyfsulfate. mucate. napsylate, nitrate, oleate. oxalate, palmitate, pantothenate, phosphate, polyga- 
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lacturonate. salicylate, stearate, subacetate, succinate, tannate, tartrate, tosylate, trifluoroacetate, trifluoro- 
methane sulfonate, and valerate. 

The compounds of the formula (I) can also be In the form of zwitterions. since they contain both acidic and 
basic functionality and are capable of setf-protonation. 

Certain compounds of the invention possess one or more chiral centers and may thus exist in optically 
active forms. Likewise, when the compounds contain an alkenyl or alkenylene group there exists the possibility 
of c/s- and trans- isomeric forms of the compounds. The R- and S- isomers and mixtures thereof, including 
racemic mixtures as well as mixtures of c/^ and trans- Isomers, are contemplated by this inventton. Addittonal 
asymmetric carbon atoms can be present in a substituent group such as an alkyi group. All such isomers as 
well as the mixtures thereof are intended to be included in the invention. If a particular stereoisomer is desired, 
it can be prepared by methods well known in the art by using stereospecif ic reactions with starting materials 
which contain the asymmetric centers and are already resolved or, alternatively by methods which lead to ma- 
tures of the stereoisomers and subsequent resolution by known methods. Prodrugs are derivatives of the conv 
pounds of the invention which have chemically or metabolically deavable groups and become by solvolysis or 
under physiological conditions the compounds of the invention which are phamiaceutically active in vivo. Der- 
ivatives of the compounds of this invention have activity in both their acid and base derivative forms, but the 
acid derivath^e form often offers advantages of solubility, tissue compatibility, or delayed release in a wanh 
malian organism (see, Bundgard, H., Design of Prodrugs, pp. 7-9, 21-24, Esevier, Ansterdam 1985). Prodrugs 
include acid derivatives well known to practitioners of the art, such as, for example, esters prepared by reaction 
of the parent acidic compound with a suitable alcohol, or amides prepared by reaction of the parent acid conv 
pound with a suitable amine. Simple aliphatic or aromatic esters derived from acidic groups pendent on the 
compounds of this invention are preferred prodrugs. In some cases it Is desirable to prepare double ester type 
prodrugs such as (acyloxy) alkyI esters or ((alkoxycarbonyl)oxy)alkyl esters. 

Method of Making Compounds of the Invention 

General synthetic schemes 1 through 14 shown below are used to prepare the compounds of the invention. 
The following abbreviations are used throughout the synthetic schemes and examples: 



Boc 


tertiary-butyloxy carbonyl 


DMF 


dimethyl formamide 


TFA 


trif luoroacetic acid 


Cbz 


benzyloxycarl)onyl 


EDCI 


1-(3<limethylaminopropyl)-3-ethyl carbodiimide hydrochloride 


DMAP 


4-dimethylaminopyridine 


THF 


tetrahydrofuran 


B0C2O 


di-tert-butyt dicarbonate 


HMDS 


1,1.1,3,3,3-hexamethyl disilazane 


DIEA 


diisopropylethylamlne 



The compounds of the invention may be prepared by the general reaction schemes set out below. 
Reaction schemes 1 and 2 describe methodology for incorporating the basic group (B) into compounds 
having the general formula (1): 



However, for the sake of illustration, Schemes 1 and 2 depict a subclass of compounds of formula I having the 
formula (la) as follows: 
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(la) 



where; 

Rio. Ri2. Ri3. and Risare independently selected from hydrogen, methyl, ethyl, n>butyl, ortert-butyl; 
Ri4 is absent or selected from hydrogen, methyl, ethyl, n-butyl, or tert-butyl; 
A is N, O, or S, and the ring atoms adjacent A are carbon (as shown); 

-(U)- is a divalent group attached to the 5 or 6 position of the six membered ring and selected from a 
bond, methylene, or benxyloxy; 

B is a basic group selected from amine or amidine; and 

X is a divalent group selected from -(CHajn-, (where n is an integerf rom 1 to 4) -(Chyp-CHCHJq- (where 
p and q are integers from zero to 4, with the proviso that p plus q equals n. 



Scheme 1 




A basic (amidine) 5,6 bicydic compound is prepared from the conresponding nitrile by the process of 
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Scheme 1. The starting material, nitnle (14), is converted to a thioamide compound (15). Thereafter, the thioa- 
mide compound (15) is converted to a thioimidate with methyl iodide. The thioimidate is not isolated and is 
thereafter converted to amidine, then again reacted with dkert butyl dicarbonate to yield the protected amidino 
ester (16) which can be purified. Compound (16) Is converted to product (18) by removing the carboxyl (Rio) 

5 and amidino protecting groups (Boc). tf the group Rio on the right hand side is not tert-butyl, (e.g., methyl, ethyl) 
then the conversion of compound (16) to (18) may be accomplished by proceeding through compound (17) 
using a base as shown in Scheme 1 . If the group. Rio* on the right hand side is t-butyl, the Boc protected amidino 
ester (18) can be converted directly to product (18) as shown in Scheme 1. 

Another variation of the general method of going from intermediate (14) to compounds of the Invention 

10 (18) is to use the conditions of Scheme 2 which require no protection/deprotection steps as shown below: 



IS 



20 



Scheme 2 

NC^^^^x;^^ ^12 DEtOH, HCl 



0 Rn 

Rl4 

14 

NH 



0 Rii 
Ri4 18 



30 In Scheme 2, product (18) is derived from (14) by initial conversion of (14) to the corresponding imidate 
using EtOH and HCl. Ammonia is then used to convert the imidate to the corresponding amidine, which is hy- 
drolyzed to the acidic product (18) using lithium hydroxide. 

The previous reaction Schemes 1 and 2 are generic for the preparation of compounds of the invention hav- 
ing avariety of heteroatoms, designated "A." The following Scheme 3 depicts the preparation of hetero-nitrogen 

35 containing compounds (A = N) of the invention (Indole-types) represented by formula (3a): 



40 



45 



50 



55 
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10 



15 



20 



25 



30 



Scheme 3 



HO,C 




'NOj p-toluene sulfonamide 



NC 



1) NaOEt 



NC 



YW 



CO^Et 



2) diethyloxalate 

N0"> 



45 



Zn, HOAc 



"CO- 



46 

1) LiOH 



C02Et 



H 

47 



2) DMAP, DIEA, EDCI 
Amino estar 



14 



35 



40 



The 3-methyl-4-nitrobenzoic acid starting material is reacted with phosphorus pentachloride and p-toluene 
sulfonamide to convert It to the corresponding nitrile (45). Compound 45 is deprotonated with a suitable base 
to generate a benzylic anion which is reacted with diethyloxalate, affording the a-keto ester (46). Reduction 
of the nitro group In compound (46) followed by In situ cyclizatlon gives indole (47), which is thereraf ter reacted 
with LIOH to hydrolyze the compound to its acid fonm. 

The acid form of (47) is used to couple to a suitable amino ester by the use of the three reagents, DMAP, 
DIEAand EDCI, thereby yielding amide (14). The series of amides (14), are converted to the amidino acid prod- 
ucts (18) of the invention by using the reaction conditions outlined In Schemes 1 and 2. 

Reaction scheme 3a outlines the synthesis of heteronitrogen containing intermediates (A = N) of the In- 
vention (indole-types) represented by formula (14p). These intermediates are used in the preparation of com- 
pounds of Formula I in which the basic group Is attached to the 6 position of the sbc membered ring: 



50 
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Scheme 3a 



10 




15 



20 



25 



30 



35 



40 



45 



H2SO4 NC^^^NOj 

37 

1) NaOBt NCs 



2) diethyloxalate 



OEt 



NO2 

38 



Zn 



HOAc NC 



NaOH 



H 

39 



NC 




N 



DMAP, DIEA, EDCI 
Amino ester 



NC 



14 



CO2R10 



50 



55 



The synthesis of compound 14p begins with nitration of the starting material, p-tolunitrlle, using nitric 
acid/sulfuric acid to afford 2-nitro-4-cyanotoluene (37). Deprotonation at the benzylic position of (37) using a 
suitable base foliowed by reaction of the resulting anion with diethyloxalate affords the a-ketoester (38). Re- 
duction of the nitro group of compound (38) using zinc in acetic acid followed by in situ cydization affords ethyl 
6-cyanoindole-2-carboxylate (39) which is thereafter subjected to base hydrolysis (NaOH) to give &-cyanoin- 
dole-2-carboxylate (40). The acid (40) is used to couple a suitable amino ester by the use of the three reagents, 
DMAP and DIEA and EDCI thereby yielding amide (14p) which is converted to the amidino acid product (18p) 
by using the reaction conditions outlined in Scheme 1. 

Scheme 4 is a subset of Scheme 3 and illustrates a method of putting an organic radical (viz.,Ris, a non- 
hydrogen) at the 3 position of the five membered rfng In the blcydic nudeus. Starting with compound (46) from 
Scheme 3, deprotonation and subsequent aikylation at the benzylic positbn affords compound (61). The re- 
mainder of the synthesis proceeds according to the reaction conditions outlined in Scheme 3. 
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Scheme 4 



5 






Rl3 Rl2 


10 




H 


O 



15 



20 



25 



30 



35 



40 



45 



50 



NC 



NO2 



COiEt 



NC- 

NaH, RisX ^ Tj 



N02 



COoEt 



Zn, HOAc 



46 



61 



1) LiOH 



H 

7b 



DMAP, DIEA. ED CI 
Amino ester 



H 



R 



14 



Scheme 5 depicts the preparation of S-cyanobenzof uran-type (A = O) intermediates represented by for- 
mula (5a) used to prepare the compounds of the invention: 



NC. 



O R„ 




(5a) 
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In Scheme 5, 2-hydroxy-5-bromobenzaldehyde is alkylatsd with methyl bromoacetate to give the corre- 
sponding ester (30) which is thereafter cyclized to give benzofuran (31). The aryl bromide of compound (31) 
is displaced with cyanide, then LiOH is used to hydrolyze the methyl ester to afford the corresponding acid 
35 (33). Acid (33) is then coupled with the desired amino ester by the use of the three reagents, DMAP and DIEA 
and EDCI. Nitrile ester 14 is converted to the final product (18), a compound of the invention, by following the 
reaction conditions outlined in Scheme 1 above. 

Scheme 6 depicts the preparation of 5-cyanobenzothiophene-type intermediates (A = S) represented by 
formula (6a) used to prepare the compounds of the invention: 

40 



45 



50 

I 
I 
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Scheme 6 




In Scheme 6. 4-fluorobenzonitrile is deprotonated using lithium dilsopropylamlde and the anion Is quench- 
ed with DMF to afford aldehyde (34), which is further reacted with methylmercaptoacetate followed by triethy- 
lamine to effect addition and cydization to give methyl-&.cyanoben20thlophene-2-carboxylate (35). Base hy- 
drolysis (NaOH) of ester (35) gives the corresponding acid (36). Amide (14) Is obtained by coupling acid (36) 
with the desired amino ester by using the three reagents, DMAP, DIEAand EDCI as described in the preceding 
Scheme. 

In the preceding schemes, the final coupling step attaches an amino ester to a 5,6-bicyclic nucleus to give 
an intermediate used in preparing the compounds of the invention. The following reaction schemes give general 
methods for preparing the amino esters used in the preparation of the compounds of the invention. 

Scheme 7 describes the synthesis of amino ester intermediates having oxygen substitution in the amine 
chain as represented by formula (7a) below: 
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Scheme 7 



'CO2R10 



(7a) 



10 



15 



20 



25 



30 



35 




(C0C1)2, Triethylamine 



DM50 



Potassium t -But oxide 



(OEt)2PN^C02Rio 4 




10 % Pd/C, H2 



hydra z ine , E t OH 
(deprotection) 



.CO2R10 



40 



45 



In Scheme 7, phthalic anhydride is reacted with 2-(2-aminoethoxy)ethanol to give the phthalimide (1a), 
which is then oxidized with oxalyl chloride, triethylamine, and DMSO (a Swern oxidation) to give aldehyde (2a). 
Product (2a) Is converted to an a, ^unsaturated ester (5b) by a Horner-Emmons reaction. Ester (5b) is reduced 
by hydrogenatlon to the saturated ester (6b) which is thereafter deprotected with hydrazine to yield the amino 
ester reagent used for preparation of compound (14d - Scheme 3). 

Scheme 8 describes the method of synthesizing amino esters with substituents alpha to the carboxyl group 
as represented by formula (8a) below, for use In the coupling reactions used in the final steps of preparing the 
compounds of the invention. 



50 



55 
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In Scheme 8. phthalic anhydride is reacted with 5-aminopentane-1-ol to give the phthalimide (1), which is 
oxidized with oxaiyi chloride, triethylamine and DIVISO (Swern oxidation) to give aldehyde (2). Compound (2) 
Is converted to an a,p-unsacu rated ester (5) by a Horner-Emmons reaction. Unsaturated ester (5) is reduced 
by hydrogenation to give the saturated ester (6) which Is then deprotected with hydrazine to yield the amino 
ester product used for preparation of compounds (14). 

Scheme 9 is a subscheme to Scheme 8 and provides details for the preparation of phosphonates (4) from 
the corresponding bromides as shown below: 



40 
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Scheme 9 
0 



P(0Et)3 + Br. 



10 



15 




ORio 



(EtO)2P 




CO2R10 



20 Scheme 1 0 describes the method of synthesizing amino esters with substltuents beta to the carboxyt group 
as represented by formula 10a below used in the preparation of the compounds of the invention. 
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Scheme 10 




H7N 



.CO->H 



Benzyl Chloroformate 



NaOH, pH = 2 



19 



COoH 



N-methyl morpholine, q 
i sobu ty 1 chlor o f ormace II 



OMe 



MeO 



Me 

,NH HCl 



20 



1 

Me 



"CbzHN' 



21 



KOt-Bu 



CbzHN 



^ — i 

22 

H2, 10%Pd/C 



CO2R10 
R12 




COoRio 



In Scheme 10, 5-aminopentanolc acid is reacted with benzyl chloroformate (to protect the amine function- 
ality) and the resultant protected amine (19) Is then converted to the Weinreb amide (20) which Is thereafter 
reacted with an organolithlum reagent to give a ketone (21). Ketone (21) is converted (by a Horner-Emmons 
reaction) to an a,p-unsaturated ester (22), which is then reduced by hydrogenation to yield the saturated ^ 
substituted amino ester (13). Amino esters 13 are not purified but are used as Isolated to couple to a suitable 
6,5-nuclei as desribed in the previous schemes. 

Scheme 11 shows a method of making the amino ester reactants in which the nitrogen is alkylated with 
an organic radical (non-hydrogen) for use In the coupling reactions used in the preparation of the compounds 
of the invention. 
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Scheme il 



10 



N-Aikylated. 
b-Subscituted 
Amino Esters 



13 



X02t-Bu 



15 



20 



CbzHN 




22 



co.:Ri: 
I NaH 

R-., ^ 

RnX 



R = Me, £t, Bu, Hexyl 



CbzN 
II 

Rl3 




COoRio 



Rl2 



6(D 



25 



5% Pd/C 



H2 



R^iHN 



^C02t-Bu 



13 



30 Protected amino ester (22) (from Scheme 1 0) is deprotonated using a suitable base and the resultant anion 
alkylated with an appropriate electrophiie (RiaX) to afford the unsaturated ester (60) which is thereafter hy- 
drogenated to give the saturated N-alkylated amino esters. Amino esters (13) are not purified but are used as 
isolated to couple to a suitable 6,5-nuclei as described in the previous schemes. 

Scheme 12 describes a method of preparing benzyl- and cyclohexyl-containing amino esters, as repre- 
ss sented by formula (12a) below, for use in the coupling reactions used in the final steps of preparing the conv 
pounds of the invention. 
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Scheme 12 



O 

Lg = phenyl or cyclohexyl 




13 

In Scheme 12, the starting niaterial, 4-cyanoben2aldehyde, is converted (by a Horner-Emmons reaction) 
to give an a.p-unsaturated ester (12), which is then reduced by hydrogenation either over Pd/C or over Pt02 
to give the benzylamino ester or cycfohexylamino ester respectively. Anrtines (1 3) ate not purified but are used 
as isolated to couple to a suitable 6,5-nuclei as described in the previous schemes. 

Scheme 13 illustrates the preparation of compounds represented by formula (12a) which are used in the 
preparation of compounds having a nrKxiified B-{l^y basic functionality, specifically, a benzyloxyamidino, as 
shown below: 
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Scheme 



5 13 



10 




15 



CHO ethyl bromoacetace CHiO^^^s^CHO 

50 



K2CO3, Nal 



Base 



MeOH 



20 



rw n ^ 1) pyridine, 

- 'S'^^'^ Hn uo potassium carbonate 

T |T N^N^ p-cyanobenzyl bromide 



25 gg " 2) MeOH, HQ ^^^^0 ^OzMe 

56 




45 



The starting material, 2-hydroxy-5-methoxybenzalclehyde, is alkylated with ethyl bromoacetate to give es- 
ter (50), which is thereafter subjected to base catalyzed cydization to give ethyl- 5-methoxybenzofuran-2-car- 
boxylate (55). This step is followed by deprotection of the methyl ester (55) with pyridine hydrochloride and 

so reesterif ication of the crude product using methanoic HCI to give the hydroxybenzofuran (56), which is there- 
after alkylated with p-cyanobenzylbromlde to give cyanobenzyloxy substituted benzofuran (57). Benzofuran 
ester 57) Is thereafter subjected to base hydrolysis to give the corresponding acid (58) which is then coupled 
with an amino ester (glycine) as previously shown. The nitriie ester (59) is converted to the amidino add, a 
compound of the invention, by using the reaction conditbns outlined in Scheme 1. 

55 Scheme 14 illustrates the preparation of a compound having an amine functionality as its basic component 
(rather than the amidine group Illustrated In the preceding Schemes). 
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Scheme 14 



52 X = (CH2)o-2. 

-OCH2- 



O Rn 2) di-t-butyl dicarbonate 

14 



K2CO3. THF, H2O 



BOCHN 



2) TFA 



51 

H 



H2N 



O 



52 



Synthesis begins with hydrogenation of nitrile (14) and subsequent protection of the primary amine using 
di-t-butyldicarbonate to afford a protected amine (51). The protected amino ester is hydrolyzed using LiOH and 
the Boc protecting group thereafter removed under acidic conditions to give a final product (52). The thioamide 
preparation step employed in the previous syntheses is not present since the amidine functionality Is not 
formed. 

Scheme 1 5 illustrates a synthesis where an organic radical (non-hydrogen) is placed on the indole nitrogen 
of the 5,6-bicyclic nucleus. 
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Scheme 15 









'12 


N-Substituted 








Indoles 




, 0 








(14) 






30 



35 




Scheme 15 begins with 5-cyanolndole-2-carboxylatB (47) which is N-alkylated and esterified in a single 
40 step to give compound (48). Compound (48) is converted to the intermediate (14) and ultimately taken on to 
the final product as shown in previous schemes. 

The following Examples (Nos. 1 to 36, excluding Nos. 7, 8, and 24) illustrate the practice of the invention, 
but are not intended to limit its scope. 

45 Example 1 

This Example teaches the preparation of a 5,6-bicyclic nucleus of the indole type for formula I with Xi = 
N and which is appropriately f unctionalized to allow incorporation of B-(L|>)- and Ar{l^ at positions Xs and X2 
respectively: 

so 
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Part A Preparation of the intermediate 4-nitro-3-tolunitrile, represented by the formula: 



5 




(45) 



10 

Amixture of PQsCaOO g. 0.96 mole) and p-toluene sulfonamide (90 g, 0.52 mole) was treated with 3-methyl- 
4-nitrobenzoic acid (82 g. 0.44 mole). The reaction was stirred at room temperature for 1 hour at which time 
it was heated to 140»C and the POCI3 (1 50 ml) distilled from the mixture. The reaction was cooled to 5X, pyr- 
idine (200 ml) was carefully added and the mixture allowed to stand overnight. The reaction was carefully di- 
15 luted to 1 L with H2O and the mixture stirred for 3 hours. The brown solid was filtered, washed with H2O and 
triturated with 5 N aqueous NaOH. The remaining solid was filtered, washed with H2O and dried to afford 60.0 
9 of a powder. The solid was stirred in 1 200 ml CH2CI2 and filtered. The supernatant was evaporated in vacuo 
and the residue recrystallized from EtOH to gh^e 35.9 g (23 %) of 4-nitro-3-tolunitrile. 
MS(FD),m/e162(M+). 



20 



25 



Anal Calcd for CsHeNzOj: 


Calculated 
Found 


C 59.26, 
C 59.25. 


H 3.73, 
H3.71, 


N 17.28; 
N 17.41. 



Part B Preparation of the intermediate, ethyl-3-cyano-6-nitrotoluyloxalate (46) : 




(46) 



A solution of NaOEt, which was prepared by dissolving Na metal (7.7 g; 0.33 nrwie) in 400 ml EtOH. was 
added all at once to a solution of the 4-nitro-3-tolunitrile (32.0 g. 0.20 mole) (prepared in Part A) and freshly 
distilled diethyl oxalate (200 ml) in EtOH (240 ml). The reaction was stirred at room temperature for 20 hours, 
poured into 500 ml of 1 N aq. HCI. and diluted with 500 ml H2O. This mixture was extracted twice with CH2CI2 
and the combined organic layers were washed once each with 1 N aqueous HQ and H2O. The organic phase 
was dried over Na2S04 and evaporated in vacuo to give 52.4 g of a solid. Column chromatography (SiOj; 
CH2CI2) afforded 42 g of crude product which was recrystallized from hexanes/EtOAc to give 22.1 g (43 %) of 
ethyl-3-cyano-6-n(trotoluyloxalate. 
MS(FD),m/e262(M+). 





Anal Calcd for C12H10N2OG: 


50 


Calculated 


C 54.97, 


H3.84. 


N 10.68; 




Found 


C 55.00, 


H 3.77, 


N 10.74. 
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Part C Preparation of the intermediate, ethyl-&-cyanoindole-2-carboxylate (47): 



5 




(47) 



A suspension of ethyl-3-cyano-6-nitrototuy1oxalate (10.0 g, 38 mmol) (prepared in Part B) In 110 ml glacial 
acetic acid was treated with Zn dust (25.0 g, 38 mmol) in portions. After complete addition, the reaction was 
kept at QO'^C for 1 5 minutes. The hot reaction was filtered and the supernatant allowed to coot. The precipitated 
product was collected by filtration to give 5.90 g (73 %) of the title compound. An analytical sample was ob- 
is tained by recrystallization from EtOAc. 

iH mR (300 iVIHz; CDCI3) d 9.30 (s. 1H). 8.08 (s. 1H). 7.53 (m. 2H). 7.30 (d. J = 2 Hz, 1H), 4.44 (q. J = 7 Hz. 
2H),1.43(t, J = 7Hz, 3H). 
MS(FD), m/e 214 (M+). 



20 


Anal Calcd for Ci2HioN202: 




Calculated 


C 67.28, 


H 4.70, 


N 13.08; 




Found 


C 67.28, 


H4.61, 


N 13.01. 



25 



Part D Preparation of 5-cyanolndole-2-carboxylic acid: 




Ethyl 5-cyanoindole-2-carboxylate (1 6.5 g; 77. 1 mmol) (prepared in Part C) was added to a solution of solid 
KOH (11.0 g, 200 mmol) in 110 ml H2O and 440 ml ethanol. The mixture was stirred for 5 hours at ambient 
temperature and filtered. The filter cake was resuspended in 1 N aqueous HCI and the mixture was stirred for 
1 hour. The solid was filtered and dried to afford 8.45 g of 5-cyanolndoie-2-carboxytic acid which was used 
without further purification. 
FDMS186 (M+) 

Example 2 



This example teaches the preparation of a 5,6-blcycHc nucleus of the indole type of formula I with Xi = N 
and which is appropriately functtonalized to allow for incorporation of B-(Lb)- and A-(La)- at positions Xe and 
X2 respectively: 

Part A Preparation of the intermediate 2-nitro-4-totuinitrile (37): 




55 (37) 



Compound (37) was prepared according to the method of JACS vol.99, page 6721 (1977). Concentrated 
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sulfuric acid (51 ml), cooled in an ice bath to 5^0. was treated dropwise with concentrated nitric acid (21 ml) 
while keeping the tmperature below 1 S^'C. To this was added p-tolunitrile (24 ml, ^ M) dropwise while keeping 
the temperature below 40**C. After stirring 10 minutes, a solid mass formed. Ice was added and the resulting 
mbrture was extracted with CHzQz. The extracts were dried with MgS04 and concentrated to 32.13 g (99%) 
5 of a solid. 

Part B Preparation of the intermediate ethyl-2-nitro-4-cyanotoluyl-oxaiate (38): 



10 



25 



NO2 



*5 (38) 

A mixture of 2-nitro-4-tolulnitrile (prepared In Part A) (30.6 g, 188 mmol), diethyl oxalate (200 g) and EtOH 
(300 ml) was treated portionwise with a solution of sodium ethoxide freshly prepared from NaH (11.3 g, 283 
20 mnK)l) and EtOH (300 ml). The reaction was stirred overnight at ambient temperature, neutralized with 5 N 
aqueous HCI (56.6 ml) and concentrated under reduced pressure. The resulting liquid was partitioned between 
H2O and CH2CI2. After washing the organic layer with H2O, it was dried with MgS04 and concentrated In vacuo 
to a solid 

MS(FD), m/e 262 (M+). 



Part C Preparation of the intermediate 6-cyanoindole-2-carboxylate (40): 



30 




(40) 

35 

Nitro compound (38) (25g, 95 mmol) (prepared in Part B) was mixed with HOAc (275 ml) and heated to 
get homogenous solution. After adding H2O (275 ml) it was refluxed while adding zinc powder (62.4 g, 954 
mnral) portionwise. Heating was continued for 1 hour and the mixture was filtered while hot. The filtrate was 
concentrated to a solid which was partitioned between EtOAc and H2O. The organic layer was washed with 

40 saturated solution of NaHCOa several times, dried with MgS04 then concentrated to a solid which was purified 
by chromatrography (SiOj, 5-10% v/v EtOAc/Hexane). 8.4 g of the material was recovered which by TLC (SIO2, 
30% v/v EtOAC/Hexanes) was two spots. The material was used as isolated. 

The above solid material (7.9 g) was mixed with EtOH (200 ml) and 5 N aq. NaOH (22 ml). The reaction 
was refluxed for 3 hours, neutralized with 5 N aqueous HQ (22 ml) and concentrated in vacuo. The residue 

45 was partitioned between EtOAc and H2O. After washing the organic layer with brine, It was dried with MgS04 ' 
and concentrated to dryness. The product was isolated by recrystallization from toluene/MeOH to give 3.1 g. 
MS(FD),m/e186(M+). 

Example 3 

50 

This example teaches the preparation of 5,6-bicyclic nuclei of the indole type of formula I with = N,wlth 
a non-hydrogen substitution at the X3 position, and which is appropriately f unctlonalized to allow incorporation 
of B-(Lb)- and A-(La)- at positions X5 and X2 respecth/ely: 
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Part A Preparation of the intermediate (61 ): 



CN 



5 




NO2 CH5 o 
(61) 



Sodium liydride (60% dispersion in oil; 3.44 g, 86 mmol) was washed with hexanes and dried under va- 
ts cuum. Dry THF (250 ml) was added and cooled to O'^C. To this was added a solution of (46) (22.58 g. 86 mmol) 
(prepared in Part B, Example 1) in dry DMF portionwise. The reaction mixture was stirred at 0*^0 for 1 hour 
then methyl iodide (12.2 g. 86 mmol) added. This mixture was stirred at 0*^0 for 1 hour then at ambient tem- 
perature overnight The reaction was acidified with 1 N aqueous HCI and diluted with EtOAc. The layers were 
separated and the organic layer washed with brine several times and dried over MgS04. The material was then 
20 concentrated under vacuum and purified by chromatography (Si02, 15 % vA/ EtoAc-Hexanes) to recover 17.6 
g (74%) of a yellow solid. 



Analysis, calculated for C13H12N2O6: 


Calculated: 
Found: 


C. 56.52 
C, 56.80 


H. 4.38 
H.4.61, 


N, 10.14 
N 10.32 



Part B Preparation of the Intermediate ethyl-3-methyl-5-cyanoindoie-2-carfooxylate (7b): 



35 




H 

(7b) 

The keto ester (61 ) (8.5 g,31 mmol) (prepared in Part A) was dissolved in glacial acetic acid (1 00 ml). Water 
was added (100 ml) and the mixture warmed to 75''C. Thereafter, zinc dust (20 g, .31 mol) was added portion- 
wise. This mixture was stirred at 75''C for several hours, poured onto ice and extracted with EtOAC. The ex- 
tracts were washed with brine several times, dried over MgS04 and concentrated under vacuum to dryness 
to obtain 6.7 g solid. The solid was recrystallized from a small amount of EtOAc to obtain an analytical sample. 





Analysis, calculated for Ct3Hi2N202 




Calculated: 


C, 68.41 


H, 5.30 


N, 12.27 


so 












Found: 


C, 68.42 


H, 5.04 


N 11.11 



55 
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Part C Preparatron of the IntermediatB 3-methyl-5-cyanoindole-2-carboxylatB (62): 




\ 

H 

(62) 



Ethyl-3-methyi-5-cyanoindole-2-carboxylate (prepared in Part B) (4.8g, 21 mmol) was mixed with MeOH 
(400 ml) and 1 M aqueous LiOH (52 ml). The mixture stirred overnight at ambient temperature and an additional 
24 hours at 60°C before being neutralized with 5 N HCI (1 0.4 ml). The product was concentrated under vacuum 
and extracted with EtOAc. Extracts were dried over MgS04 and concentrated to dryness to recover 3 93 g 
(94%) of a solid. 



Analysis, calculated for C11HSN2O2 


Calculated: 
Found: 


C, 66.00 
C, 65.75 


H, 4.03 
H, 4.18 


N, 13.99 
N 13.82 



Example 4 

This Example teaches the preparation of a 5,6-bicycIlc nuclei of the indole type from formula I with = 
N with a non hydrogen substitution on the Indole nitrogen and which is appropriately functional Ized to allow 
incorporation of B-(Li,)-and A-(La)- at positions Xs and X2 respectively: 

Part A Preparatron of the intermediate methyl-1-methyl-5-cyanoindole-2-cart)oxylale (48): 




\ 

CH3 
(48) 



Powdered KOH (6.03 g. 107.5 mmol) was added to 40 ml DMSO and the mixture stirred for 0.5 hours. 5- 
Cyanoindole-2-carboxylate (5.0 g; 27 mmol) (prepared in Example 1 Part D) was added and the mixture stirred 
for 15 minutes before Mel (7.0 ml. 112 mmol) was added dropwise. The reaction was stirred at room temper- 
ature for 16 hours and was added to 250 nrti H2O. The precipitate was filtered, dried and recrystallized to give 
4.50 g (78 %) of the title compound as a white solid. 
MS(FD), m/e 214 (M+). 



Anal Calcd for C12H10N2O2: 


Calculated 
Found 


C 67.28, 
C 67.38. 


H 4.70, 
H4.79, 


N 13.08; 
N 13.33. 



Example 5 

This Example teaches the preparation of 5.6-bicyclic nudei of the t>enzothiophene type of formula I with 
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Xi = S and which is appropriately f unctionalized to allow incorporation of B-(i-b)-and A-(Lq)- in positions Xg and 
X2 respectively: 

Part A Preparation of methyl-5-cyanobenzothiophene-2-cart)oxytate (35): 




The compound was prepared according to the procedure described in (Tetrahedron Letters Volume 33, 
Number 49. pg 7499. 1992. 

15 To a mixture of freshly distilled diisopropylamine (11.6 g. 0.114 M) and dry THF (200 ml) at -10°C under 
an atmosphere of argon was added 2.5 M n-BuLi (42 ml) dropwise keeping the temperature below •5''C. The 
mbcture was stirred at -10**C for an additional 10 minutes. After recooling to -78''C it was treated with a solution 
of 4-fluorobenzonitrlle in THF (30 ml). The resultant mbcture was stirred for an additional 75 minutes at-78''C 
before adding DMF (7.6 g. 0.103 M). After stirring at -78*'C for 15 minutes, the reaction was quenched with 

20 acetic acid 20 ml), and diluted with ethyl ether (200 ml). The organic layer was washed with 1 N aq. HCI twice 
then water before drying with MgS04 and concentrating in vacuo to 15.7 g of an oil. 

The above oil (13.3g, 89 mnral) was combined with methyl thloglycolate(11.4g, 107 mmol) and dry DMSO 
(50 ml). The mbcture was stirred under N2 at ambient temperature while adding triethylamlne (1 9.9 g. 1 96 mmol) 
dropwise to obtain a dark solution. The reaction was heated at gS^'C for 2 hours, poured into a mixture of H2O 

25 and celite, extracted with EtOAc. washed with H2O, dried with MgS04 and decolorized with activated charcoal. 
Concentration gave 8.02 g (41 %) of a tan solid. 





Analysis, Calculated for CiiH7NS02 


30 


Calculated: 


C, 60.82 


H, 3.23 


N,6.45 




Found: 


C, 60.58 


H. 3.23 


N, 6.23 



Part B Preparation of 5-cyanobenzothiophene-2-carboxylic acid (36): 



40 




(36) 



Combined the benzothiophene ester (35) (8.42 g. 39 mmol). EtOH (75 mi) and 5 N aq. NaOH (16 ml). Stirred 
overnight at ambient temperature then quenched with 5 N aq. HCI (16 ml). Concentrated under reduced pres- 
sure to a solid which was rinsed with H2O to give 7.8 g (98%) of a tan solid. 
FDIVISm/e203(M^) 

Example 6 

This Example teaches the preparation of 5,6-bicyclic nuclei of the benzof uran type in fornnila I with - 
O and which is appropriately substituted to allow for incorporation of B-(Lb)-and A-(Lfl)- at positions Xs and X2, 
respectively: 
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Part A Preparation of the intermediate methyl 4*-bromo-2 -fonmyi phenoxy) acetate (30): 



0^C02Me 
(30) 

A slurry of K2CO3 (1 .52 g, 11 .0 mmol) and Nal (0.30 g, 2.0 mmol) in 3 ml of DMF was treated with 5-bro- 
mosalicylaldehyde (2.01 g. 10.0 mmol) followed by ethyl bromoacetate (1.84 g.. 11.0 mmol). The reaction was 
stirred for 1 5 hours and was concentrated in vacuo. The residue was taken up in 50 ml EtOAc and was washed 
with H2O (3 X 25 ml). The organic layer was dried over Na2S04 and evaporated in vacuo to give 3.25 g of a 
viscous oil which was purified by flash chromatography {S'lOa 10 % EtOAc/Hexane) to afford 2.90 g (99 %) 
of the title compound (30). 
IVIS(FD), m/e 286 (M+). 288. 



Anal Calcd for Ci,HiiBr04: 


Calculated 
Found 


C 48.02, 
C 46.21. 


H 3.86; 
H3.91. 




Part B Preparation of the intermediate methyl 5-bromobenzofuran-2-carboxylate (31): 




A solution of (4-bromo-2-formyiphenoxy)-acetic ester (300 mg, 1 .04 mmol) (prepared in Part A) in 8 ml of 
MeOH at 0«C was treated with of NaOMe (75 mg, 1.4 mmol) and the mixture heated to reflux for 15 hours. 
The reaction was cooled and treated with 5 ml of 1 N aq citric acid. The organic solvent was evaporated In 
vacuo, and the aqueous mixture extracted with EtOAc (3 x 20 ml). The combined organic extracts were dried 
over lsla2S04 and evaporated to give 285 mg of a white solid. The solid was taken up in MeOH and the solution 
treated with a stream of HCI(g). The reaction was stirred at room temperature for 2 hours and was evaporated 
in vacuo to give 230 mg of a solid which was recrystallized from Hexane/EtOAc to afford 195 mg (74 %) of the 
title compound. 
MS(FD), m/e 254 (M+), 256. 



Anal Calcd. for CioHrBrOa: 


Calculated 
Found 


C 47.09, 
C 47.24. 


H 2.77; 
H 2.73. 
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Part C Preparation of the intermediate methyl 5-cyanobenzofuran-2-carboxylat6: 



5 




C02Me 



(32) 



Aslurry of methyl-5-bromobenzofuran-2-carboxylate (700 mg, 2.74 mmot) (prepared in Part B), Cul (525 
mg, 2.76 mmol) and of CuCN (500 mg, 5.6 mmol) in 10 ml DMF was heated to 155''C for 16 hours. The reaction 
was cooled, filtered through celite and evaporated in vacuo. The residue was partitioned between H2O and 
EtOAc (25 ml each). The organic layer was separated, dried over Na2S04 and evaporated to give 755 mg of 
15 a yellow solid. The solid was recrystalllzed from Hexane/EtOAc to afford 495 mg (90 %) of the title compound. 

Part D Preparation the intermediate 5-cyanobenzof uran-2-carboxylate (33): 



20 




Methyl ester (32) (6.6 g. 33 mmol) was mixed with MeOH (500 ml). To this was added a solution of LIOH 
(1.6 g, 66 mmol) in H2O (160 ml). The mixture was stirred overnight at ambient temperature, then neutralized 
with 5 N aqueous HCI (13.2 nnl). The resultant solid was concentrated under reduced pressure and partitioned 
30 between H2O and EtOAc. The organic layer was dried with MgS04 and concentrated to solid which was re- 
crystallized from MeOH to recover 3.2 g (52%) solid. 

Example 9 

35 Preparation of the compound of the invention represented by the formula (18a): 



NH 



40 



45 




0 

' TFA 

(18a) 



55 
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Part A Preparation of the nltrile intennediate (12a): 




O 

{12a) 



Asolutlon of 4-cyanobenzaIdehyde (14.62 g, 111.5mmol)andtrielhylphosphonoacetate(25g, 111.5mmol) 
in 300 ml of dry THF was cooled to OX. To this solution was added potassium lert-butoxide (12.5 g, 1 11 .5 mmol) 
portlonwise while continuing to cod. The cooling bath was removed and the reaction stin-ed at ambient tem- 
perature for 16 hours. The reaction was quenched with brine and extracted with EtOAc. The extracts were 
washed with H2O and dried with MgS04. After concentration in vacuo to an amber oil. the product was Isolated 
by chrwnatography (SIO2. 2 % v^ EtOAc/Hexane) to yield 14.52 g (65 %) solid. 

Part B Preparation of the amino ester intemiediate. (13a): 



OEt 

0 

■13a) 

A mixture of unsaturated ester (12a) (5.0 g, 24.9 mmol) (prepared in Part A), EtOH (1 00 ml) and HOAc (25 
ml) was hydrogenated with Pd/C 5% (.8 g) for 2 hours. The reaction was filtered through celite and concen- 
trated. The resulting oil was partitioned between saturated aqueous NaHCOa and EtOAc to obtain a precipitate 
which was filtered to give 2.5 g (48%) of a white solid. 

Part C Preparation of the nitrile ester intermediate (14a): 




{14a) 



A mixture of the amino ester (13a) (2.4 g, 11.6 mmol) (prepared in Part B), 4-dimethylaminopyridine (2.1 
g. 17.4 mmol), diisopropylethylamine (4.5 g, 34.8 mmol). 5-cyano-2-indolecarboxylic acid (2.2 g, 11.6 mmol) 
(Part D. Example 1) and CH2CI2 (100 ml) was stirred at ambient temperature. To this was added 1-(3-dime- 
thylamlnopropyl)-3-ethylcarbodilmide hydrochloride (3.3 g, 17.4 mmol). The reaction was stirred at ambient 
temperature overnight (16 houre). After adding THF (50 ml) the mixture was washed with 1M aqueous citric 
acid in HjO and saturated aqueous NaHCOa. The organic layer was dried with MgS04 and concentrated to a 
white solid which was purified by chromatography (SiOj, 1 % v/v MeOH/CHCy to yield 2.97 g (68 %) white 
solid. 

m.p. 191-192^0 FDMS 375 (M+) 



56 



EP0 655 439 A2 





Analysis, Calculated for C22H2iN303 




Calculated: 


C. 70.38 


H, 5.64 


N. 11.19 


5 


Found: 


0, 70.65 


H, 5.69 


N. 11.12 



Part D Preparation of the thioamide intennediate (15a): 



10 



IS 



H-.N 




C02Et 



Asolution of (14a) (1 .0 g, 2.7 mmol) (product of Part C) in dry pyridine (30 ml) and EtsN (3.2 ml) was stirred 
at ambient temperature while bubbling H2S gas into It for 15 minutes. Stirring was continued for 3 days. The 
20 product was concentrated to a solid, mixed with toluene and reconcentrated to a solid. 

Part E Preparation of the protected aminine intermediate (16a): 



25 



30 



35 




CO^Et 



40 Compound (15a) (2.7 mmol) (prepared in Part D) was mixed with acetone (30 ml) and methyl iodide (ex- 

cess). The reaction mixture was ref luxed for 30 minutes, then concentrated to dryness under reduced pressure. 
Anhydrous ammonium acetate (.9 g, 11.7 mmol) and MeOH (20 ml) was added and the mbcture ref luxed over- 
night (16 hours.). The reaction mixture was concentrated in vacuo, then treated with di-tert-butyl dicarbonate 
(7 g, 32 mmol), potassium carbonate (4.4 g, 32 mmol), THF. (15) and H2O (15 ml). The mixture was stirred at 

45 ambient temperature for 2 hours. The reaction mixture was partitioned between water and EtOAc. The organic 
layer was dried with MgS04 and concentrated under reduced pressure to yield an oil which was purified by 
chromatography (SiOz. 5 % vN MeOH/CHaa) to yield 1 g (75 %) yellow oil. 



so 
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Part F Preparation of the acid intemiediate (17a): 



CO2H 




I 
H 

(17a) 



Compound (16a) (1.0 g. 2 mnrwl) was mixed with EtOH (40 ml) and 5 N aqueous NaOH (2 ml). The reaction 
was stirred at ambient temperature overnight (16 hours.). Glacial acetic acid (10 mmol) was added and the 
reaction mixture was concentrated to solid which was mixed with H2O and EtOAc. The mixture was filtered to 

obtain .5 g (54 %) solid.^ 

Part G Preparation of amidino acid product (1 8a): 

The product of part F. compound (17a), (0.1 g. 0.2 mmol) was mixed with anhydrous anisole (1 ml) and 
trif luoroacetic acid (2 ml). The reactton was stirred at ambient temperature for 1 hour. After concentrating under 
reduced pressure the resulting solid was triturated with a mixture of hot EtOAc and MeOH (3:1) to recover 96 
mg (95 %) of the title compound as the trifluoroacetate salt. 

iH NMR (DMSO/TMS): d = 2.2-2.4 (ni,2H). 2.7-2.8 (m. 2H), 4.5 (d,2H) 7.2-7.3 (m, 4H), 7.4 (s, 1 H). 7.5-7.7 (m. 
2H). 8.2 (s, 1H), 8.8 (s,2H), 9.1-9.2 (m. 3H). 12.1-12.2 (m, 2H) 



Analysis, Calculated for C22H2iF3N405» 0.6 H2O, 0.2 


EtOAc 








Calculated: 


C. 54.03 


H. 4.73 


N. 11.05 


Found: 


C. 53.88 


H. 4.38 


N, 10.68 



Example 10 

Preparation of the Indole-type compound of the invention represented by the formula (18b): 



NH 



H2N 




• TFA 

(18b) 
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Part A Preparation of the intermediate (12b): 



10 



IS 



20 



25 



30 



(12b) 



The Intermediate (12b) was prepared by the method of (12a) (from example 9, Part A) using triethyl-2* 
phosphonopentanoate in place of triethytphosphonoacetate. 

Part B Preparation of the Intermediate (13b): 



COoEt: 




(13b) 



This intermediate was prepared according to the method of Example 9, Part B (1 3a) using as starting ma- 
terial the product of Part A of this Example. The product was purified by chromatography (SlOa* 5-10% v/v 
35 CHCIa/MeOH) to recover a 61 % yield of analytically pure nrtaterlal. 
FDMS 250 (M^i) 





Analysis, Calculated for Ci6H23N02« .1 CHO^ 


40 


Calculated: 


C, 69.41 


H. 8.91 


N. 5.36 




Found: 


C. 69.64 


H. 8.64 


N. 5.50 



45 



SO 
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Part C Preparation of the intermediate (14b): 




(14b) 



The intermediate was prepared using the method of (14a) (per Example 9. Part C) starting from (13b) (pre- 
pared In Part B of this Example) In a 57% yield. An analytically pure sample was obtained by recrystallizatlon 
from MeOH. m.p. 141-142*»C. FDMS 417 (M+) 



Analysis, Calculated for C25H27N3O3 


Calculated: 
Found: 


C, 71.92 
C. 71.86 


H. 6.52 
H. 6.53 


N, 10.06 
N, 10.26 



Part D Preparation of the intermediate (15b): 




K 

(15b) 



This intenmediate was prepared by the method of Example 9. Part D (15a) in a quantitative yield using 
(14b) (prepared in Part C) as starting material in place of (14a). FDMS 451 (M+) 



Analysis, Calculated for C25M2gN3S03 


Calculated: 
Found: 


C, 66.49 
C. 66.28 


H. 6.47 
H, 6.69 


N. 9.31 
N, 9.39 



Part E Preparation of the intenmedlate (16b): 

This intermediate was prepared by the method of Example 9, Part E (16a) in a 43% yield using (15b) as 
starting material in place of (15a). 
FDMS 535 



60 



EP0 655 439 A2 



Analysis. Calculated for C30H38N4O60O.I4 CHCI3 


Calculated: 
Found: 


C, 65.66 
0. 65.71 


H. 6.97 
H. 6.72 


N, 10.16 
N. 10.10 



Part F Preparation of the intennediate (17b): 

10 This intermediate was prepared by the method of Example 9, Part F (17a) using as starting material the 
product of Part E (16b) in place of (16a). The yield was 71% after purification by chromatography (SiOa, 10 
v/v MeOH/CHaa). 

Part G Preparation of the title compound (18b): 

IS 

The title compound of the invention was prepared using the method of Example 9, Part 6 (18a) using as 
starting material the product of (17b) in place of (17a) to give a 70% yield of analytically pure material as the 
trifluoroacetate salt. FDMS 365 (^^) 

iH NMR (DMSOn-MS) : 5= 0.8-0.9 (m,3H), 1.2-1.5 (m. 4H). 2.4-2.6 (m, 1H), 2.6-2.9 (m.2H). 4.0 (d, 2H). 7.1- 
20 7.3 (m. 4H). 7.4 (s, 1H), 7.5-7.7 (m, 2H), 8.2 (s.1H) . 8.8 (bs. 2H), 9.1-9.2 (m, 3H), 12.0-12.2 (m, 2H) 





Analysis, Calculated for C25H27F3N4O5 




Calculated: 


C, 57.69 


H.5.23 


N, 10.76 


25 


Found: 


C, 57.96 


H, 5.28 


10.92 



Example 11 

Preparation of Compound (18c): 



NH 




(18c) 

45 



so 



S5 



61 



EP 0 655 439 A2 



Part A Preparation of the intermediate (1 3c): 




OEt 



(13c) 



Intermediate 1 3c was prepared using the method described for the synthesis of 1 3a. (Example 9. Part B) 
except that hydrogenatlon of the starting material (1 2b) (of Example 1 0. Part A) was conducted using PtOj cat- 
alyst for 16 hours. 



Part B Preparation of the Intermediate (14c): 




CO-jEt 



H 



{14c) 



Intermediate (1 4c) was prepared in 59% yield starting from (1 3c) (Part Aof this Example) by using the meth- 
od described in Example 9, Part C. 

Part C Preparation of the intermediate (15c): 



H2N 




(15c) 
62 
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Intermediate (15c) was prepared in 98% yield starting from (14c) (from Part B of this Example) by using 
the method described in Example 9, Part D. 
FDMS 457 (M-i-) 

5 Part D Preparation of the intermediate (16c): 



10 



IS 




■ . (16c) 

20 

Intermediate (16c) was prepared according to the method of Example 9. Part E (16a) in a 43% yield using 
as starting material (15c) (prepared in Part C of this Example) in place of (15a) . FDMS 541 



25 


Analysis, Calculated for C30H44N4O6O.1 CHCI3 




Calculated: 


C. 65.42 


H,8.04 


N, 10.14 




Found: 


C. 65.61 


H,8.34 


N, 10.09 



30 



Part E Preparation of the Intennedlate (17c): 

The Intermediate was prepared using the method of Example 9, Part F (17a) using as starting material 
(16c) (prepared In Part D this Example). Yield was 14% after purification by chromatography (SIO2, 5:1 v/v 
^ MeOH/HOAc/CHCIa). 

Part F Preparation of the title compound (18c): 

^ The title compound was prepared as the trifluoroacetate salt in a 39% yield by the method of Example 9. 
part G (18a) using as starting material the product of Part E (17c) of this Example in place of (17a). 

NMR (DMSO/Ti\^S): d = 0.7-0.9 (m,3H), 1.1-1.5 (m, 14H). 1.6-1.8 (m, 2H), 2.2-2.3 (m. 1H). 3.0-3.3 (m,2H), 
7.3 (s. 1H),7.5.7.6 (m, 2H). 8.2 (s. 1H). 8.6 (t. 1H), 8.9 (bs,2H). 9.1 (bs, 2H), 12.0-12.2 (m, 2H) 

Example 12 

45 

Preparation of amidino acid (18d): 

so 
55 
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TFA 



(18d) 



Part A Preparation of pthaloimido ether (la): 



0 




OH 



(la) 



Phthalic anhydride (10 g. 67.5 mmol) was combined with 2(2-aminoethoxy)ethanol and heated at 130**C 
overnight (16 hours). The resulting oil was treated with toluene, concentrated under reduced pressure to re- 
move water and used as isolated. 

Part B Preparation of the intermediate represented by the formula (2a): 



A cooled mbrture of oxalyl chloride (12.85 g. 101 mmol) and CH2CI2 (100 ml) at-78°C under an atmosphere 
of N2 was treated with a solution of DMSO ( 13.18 g, 169 mmol) in CH2CI2 (50 ml) dropwise. The reaction was 
stirred at -78°C for 1 5 min. before adding a solution of alcohol (1 a) (1 5.9 g, 67.5 mmol) (prepared in Part A) in 
CH2CI2 (50 ml) dropwise. Stirring was continued for an additional 10 minutes before adding EtjN (34 g, 337.5 
mmol) in one portion. The cooling bach was removed and the temperature was allowed to reach O'C. ^Afater 
was added and the organic layer was washed with a solution of NaOCI. then H2O. The reaction mixture was 
dried over MgS04 and concentrated under reduced pressure to give 12.45 g (81 %) of an oil. 

Part C Preparation of intermediate (5b): 



Sodium hydride (60 % oil dispereion; 3.4 g, 85 mmol) was washed with hexane under an atmosphere of 
argon, mbced with dry THF (150 ml) and cooled to 0*»C. The resulting suspension was treated with t-bulyl die- 




0 



(2a) 




0 



(5b) 
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thylphosphonoacetate (21 .4 g, 85 mmol) portion wise while keeping the temperature below 10^C. The reaction 
was stirred at O'^C until gas evolution stopped. The reaction mixture was then treated with a solution of aldehyde 
(2a) (85 mmol) (prepared In Part B of this Example) in THF (50 ml) while keeping the temperature below 10%. 
The cooling bath was removed and the mixture was stirred at ambient temperature until the reaction was over 
5 as evident by TLC (SiOa, 30 % v/v EtOAc-Hexane). The reaction mixture was quenched with a saturated aqu- 
eous NH4CI solution and extracted with EtOAc. The organic layer was dried with MgS04 and concentrated un- 
der reduced pressure to an oil which was purified by chromatography (SiOa, 15% v/v EtOAc/Hexane) to obtain 
15 g of a solid. 

10 Part D Preparation of the intermediate (6b) 



O 
0 

(6b) 

20 

Unsaturated tert-butyl ester (5b) (15 g, 45 mmol) (prepared in Part C of this Example) was mixed with 
EtOAc (100 ml) and hydrogenated with 5.5 g 10% Pd/C at an initial pressure of 40 psi (2.81 Kg/cm^) for 8 hours. 
The reaction mixture was filtered through a pad of celite and concentrated under reduced pressure to yield 
25 (8b). 

Part E Preparation of the Intemnediate (14d): 



30 



35 




(14d) 



40 Ester (6b) (3.0 g, 9.0 mmol) (prepared in Part D this Example) was mixed with EtOH (100 ml), hydrazine 

monohydrate (3 ml) and celite (10 g). The mixture was refluxed for 1 hour, cooled to O^'C and filtered through 
a pad of celite. The residue after concentration in vacuo reduced pressure was mixed with CH2CI2, refiltered 
through celite and reconcentrated to a colorless oil (1.88 g) which was directly coupled to 5-cyanoindole-2- 
carboxylate in 75% yield (2 steps) by following the procedure described in Example 9, Part C. FDMS 371 (M+) 



so 



Analysis, Calculated for C20H25N3O4 


Calculated: 
Found: 


C, 64.67 
C, 64.47 


H. 6.78 
H, 6.88 


N, 11.31 
N, 11.31 



55 



65 
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Part F Preparation of the intermediate (15d): 
S 




0-t-OBu 



(15d) 



IS 



20 



25 



A solution of (14d) (2.4 g, 6.5 nfimol) (prepared in Part D) in dry pyridine (90 ml) and EtsN (10 ml) was stin-ed 
at anibient temperature while bubbling H2S gas into it for 10 minutes. Stimng was continued for 6 days. The 
reaction mixture was concentrated to a solid, mbced with toluene and reconcentrated to a solid. The product 
was then triturated with hot EtOAc and the remaining solid recrystallized from EtOH to recover 1 .65 g (62%) 
yellow crystals. 
FDMS 405(1^1+) 



Analysis, Calculated for C20H27N3SO4 


Calculated: 
Found: 


C, 59.24 
C. 59.02 


H, 6.71 
H, 6.73 


N, 10.36 
N. 10.28 



Part G Preparation of the intenmedlate, (16d) 

The product of Part F, (15d) (1.4 g. 3.4 mmol) was combined with methyl iodide (4.9 g, 34.5 mmol) and 
acetone (50 ml), refluxed for 1 hour, then concentrated to dryness under reduced pressure. Anhydrous am- 
monium acetate (1.1 g, 13.8 mmol) and dry MeOH (30 ml) were added. The resulting mixture was refluxed for 
an additional hour, then concentrated in vacuo to an oil which was mbced with THF and concentrated to a solid. 
Potassium cart)onate (3.8 g, 27.6 mmol), di-tert-butyl dicart)onate (6 g. 27.6 mmol). THF (25) and H2O (25 ml) 
were added. The mbcture was stirred at ambient temperature for 2 hours, quenched with H2O and extracted 
with EtOAc. The organic layer was dried with MgS04 and concentrated to an oil which was purified by chro- 
matography (SIO2. 2 % v^ MeOH/CHCy to yield 0.833 g (50 %)-of a foam. FDMS 489 <m*i> 





Analysis. Calculated for C2sH3( 


1N4O6 




40 


Calculated: 


C. 61.46 


H. 7.43 


N, 11.47 




Found: 


C, 61.25 


H, 7.43 


N. 11.19 



45 Part H Preparation of the title compound (18d): 

Compound (16d) (0.65 g, 1.33 mmol) (prepared in Part G of this Example) was treated with anhydrous 
anisole (5 ml) and trifluoroacetic acid (5 ml) at ambient temperature overnight (16 hours). The solution was 
concentrated under reduced pressure to afford 559 mg of the title compound as the trifluoroacetate salt 
so FDMS 333 (M+1) 

NMR (DMSO/TMS): d = 1.6-1.8 (m.2H). 4-2.5 (t. 2H). 3.3-3.6 (m, 6H). 7.3 (m. 1H).7.5-7.7 (m.2H), 8.2 (s, 
1H),8.6-8.8 (t, 1H), 8.9 (bs, 2H). 9.2 (bs. 2H). 11.9-12.2 (m, 2H) 



55 
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Analysis, calculated for Ci8H2iF3N406 


Calculated: 
Found: 


C, 48.43 
C, 48.16 


H, 4.74 
H.4.46 


N. 12.55 
N. 12.64 



Example 13 

10 Preparation of Compound (18e) having a-methyl substitution in the acid chain: 



15 



20 




TFA 



(18e) 



Part A Preparation of intermediate (1 b) represented by the fbnrnula (lb): 

» p 

N' 

(lb) 




35 Phthaiic anhydride (14.4 97 mmol) was combined with 5-amino-l-pentanol (1 0 g, 97 mmol) and heated 
at 1 ZO^'C overnight (1 6 hours). The resulting oil was diluted with toluene, concentrated under reduced pressure 
to remove water and purified by chromatography (SI02, 2%yN ly^eOH/CHda) to yield 21 .42 g (94 %) of a col- 
orless oil. 

40 Part B Preparation of intermediate represented by the fonmula (2b) : 



45 



60 



55 




(2b) 



Compound (2b) was prepared according to the method of Example 1 2 Part B using alcohol (1 b) (prepared 
in Part A of this Example) as starting material instead of (la) to yield after chromatography (Si02. 20 % vAv 
EtOAc-Hexane) 21.45 g (96%) of a colorless oil. 
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Analysis. Calculated for Ct3Hi3N03« 0.16 EtOAc 




Calculated: 


C. 66.77 


H. 5.87 


N. 5.71 


5 


Found: 


C, 66.66 


H. 5.61 


N, 5.77 



Part C Preparation of the protected a-substituted amino ester (5d) represented by the formula: 




(5d) 



To a mixture of triethyl-2-phosphonopropionate (7.7 g, 23.5 mmol) and dry THF (100 ml) at O^C was added 
potassium tert-butoxide (3.6 g, 32.5 mmol). This was stirred at 0*»C for 15 minutes then added a solution of 
20 aldehyde (2b) (prepared in Part B of this Example) in THF (10 ml). This mixture was stirred at O^C for 1 hour 
then partitioned between H2O and EtOAc. The EtOAc layer was washed with H2O and dried over MgS04. After 
concentration under vacuum, the resulting oil was purified by chromatography (Si02, 1 % v/v MeOH/CHCy 
to obtain 4.85 g (71 %) of an oil. 

25 Part D Preparation of the intermediate (6d) 




This intermediate was prepared by the method of Example 1 2, Part D (6b) using starting material (5d) (pre- 
pared In Part A of this Example) in place of (5b) to give an 84% yield. 

40 

Part E Preparation of the intermediate (14e): 



45 



50 




OEt 



(146) 



55 



Intermediate (14e) was prepared by the method of Example 12. Part E (14d) except that (6d) (prepared 
In Part B this Example) was used as starting material in place of (6b). A 50% yield was obtained after recrys- 
tallizing from EtOAc. m.p. 144-145''C. FDMS 355 {M+) 
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Analysis, Calculated for C20H26N3O30 0.01 EtOAc 


Calculated: 
Found: 


C, 67.55 
C, 67.32 


H, 7.09 
H, 7.18 


N, 11.79 
N. 12.09 



Part F Preparation of the intermediate (15e): 



10 



IS 



20 



H2N 




OEt 



(15e) 



The intemiediate was prepared by the method of Example 12, Part F, (15d) in quantitative yield starting 
from (14e) (prepared in Part C of this Example). The product was obtained as an analytically pure sample by 
triturating a small awouni with CH2CI2* FDMS 389 (M-i-) 



25 


Analysis, Calculated for C20H27N3SO3 




Calculated: 


C, 61.67 


H. 6.99 


N, 10.79 




Found: 


C, 61.87 


H, 6.87 


N, 10.79 



30 



35 



40 



Part G Preparation of the intermediate (16e): 
NH 

BOCHN^ 




OEt 



45 



50 



55 



This Intenmediate was prepared by the method of Example 12. Part G (16d) using as starting material the 
product of Part E (15e). The product was obtained in 55% yield. 

Part H Preparation of the intermediate (17d): 
NH 



BOCHN 




(17d) 
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Asolution of (16e) (prepared in Part E of this Example) (0.7 g, 1.5 mmol) In EtOH (30 ml) was treated with 
5 N aqueous NaOH (1 .5 ml) at ambient temperature overnight (16 hours) until the reaction was over as evident 
by TLC (SiOa, 10:1:89 v/v MeOH/HOAc/CHaa). Glacial acetic add (0.52 ml. 9 mmol) was added and the mix- 
ture was concentrated to foam which was purified by chromatography (SiOz, 10-1 9:1 v/v MeOH/HOAc/CHCy 
to recover 0.44 g of a foam. 

Part I Preparation of the title compound (18e): 

The title compound was prepared by the method of Example 12. Part H (ISd) using as starting material 
(17d) (prepared in Part F of this Example). The product was purified by reverse phase chromatography (C^g 
column (41.4X3). 20% CH3CN in H2O) to afford the title compound as the trifluoroacetate salt in 24% yield. 
m.p. 266-268X Exact Mass Calculated for C18H24N4O3 345.1972 (WD. Exact mass was found to be 345.1896. 
iH NMR (DMSO/TMS): B = 1.0-1,1 (m. 3H). 1.2-1.4 (m. 5H). 1.5-1.6 (m. 3H), 2.2-2.4 (m. 1H), 3.2-3.4 (m, 2H). 
7.3 (s. 1H).7.5-7.7 (m. 2H). 3.2 (s. 1H). 3.6-8.7 (t. 1H). 8.9 (bs. 2H). 9.2 (bs. 2H). 11.9-12.2 (m, 2H) 

Example 14 

Preparation of Compound (18f): 



NH 




(18f) 

Part A Preparation of intennediate (5e): 

0 Et 
(5e) 

Intermediate (5e) was prepared in 50% yield from aldehyde (2b) (Example 13, Part B) and triethyl-2-phos- 
phonobutyrate using sodium hydride as the base by following the procedure described in Example 13, Part C. 
FDMS 329 (M+) 



Analysis. Calculated for CigH23N04 


Calculated: 
Found: 


C, 69.28 
C, 69.02 


H, 7.04 
H, 7.10 


N.4.25 
N. 4.33 



Part B Preparation of the intenmediate (6e): 

Ethyl ester (5e) (prepared in Part A of this Example) (6.6 g. 20 mmol) was mixed with HOAc (50 ml) and 
Pd/C 10% (3.75 g). The mixture was hydrogenated on a PARR'" brand apparatus with initial pressure of 40 
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psi (2.81 Kg/cm^) until an NMR of an aliquot indicated the reaction was over (7 hours). The reaction product 
was filtered through a pad of celite and concentrated under reduced pressure to recover 6.16 g (93%) oil. FDMS 
331 (M+). 



5 


Analysis, Calculated for CigH25NO4o0.2 CHaCOOH 




Calculated: 


C, 67.85 


H, 7.57 


N,4.08 




Found: 


C, 67.65 


H, 7.65 


N. 4.06 



10 



Part C Preparation of the Intermediate (14f): 

Intermediate (14f) was prepared by the method of Example 12, Part E (14d) using 6e (prepared in Part B 
of this Example) as starting material to give a 67% yield. An analytically pure sample was obtained by recrys- 
talllzing a small amount from EtOAc. m.p. 152-153<'C. FDMS 369 (M+) 





Analysis, Calculated for C21H27N3O3 




Calculated: 


C, 68.27 


H. 7.37 


N. 11.37 


20 












Found: 


C. 68.17 


H. 7.44 


N. 11.47 



Part D Preparation of the intermediate (151): 

25 

The intermediate was prepared by the method of Example 12, Part F (15d) in a quantitative yield starting 
from (14f) (prepared in of Part C of this Example). A small sample was recrystalllzed from EtOH. 

Part E Preparation of the intermediate (16f): 

30 

The intermediate was prepared by the method of Example 12, Part G (16d) starting from (15f) (prepared 
in Part D this Example) In 64% yield. 

Part F Preparation of the intermediate (17e): 

The intermediate was prepared using the method of Example 13, Part H (17d) using (16f) as starting ma- 
terial to give a 36% yield. 





HRMS (M+1) 


Calculated for C24H35N4O5 


459.2607 


40 




Found 


459.2613 



Part G Preparation of the title compound (18f): 

The title compound was prepared by the method of (18d) Example 12, Part H starting from (17e). The prod- 
uct was purified by triturating with EtOAc to afford a 70% yield of the title compound as the trif luoroacetate 
salt m.p. 196-199«C. FDMS 359 

iH NMR (DMSO/TMS): d = 0.8-0.9 (t, 3H), 1.2-1.6 (m, 10H). 2.1-2.2 (m. 1H), 3.2-3.4 (m. 2H). 7.3 (s, 1H), 7.6 



^ (m, 2H) .8.2 (8. 1H), 8.6 (t, 1H), 8.9 (bs, 2H), 9.2 (bs. 2H), 12.0-12.2 (m, 2H) 





Analysis, Calculated for C21H27F3N4O5 




Calculated: 


C, 53.39 


H. 5.76 


N. 11.86 


55 


Found: 


C. 53.13 


H. 5.72 


N. 11.72 
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Example 15 

Preparation of Compound (18g): 

5 



10 



15 




(18g) 



20 Part A Preparation of the intermediate a-Sut)stltuted Amino Ester (5f): 



25 



30 




3S (5f) 



Intermediate (50 was prepared by the method of Example 14, Part A (5e) using as starting material triethyt- 
2-phosphonohexanoate and (2b) (prepared in Example 13 Part B) to give a 68 % yield. 
40 FDMS 357 (M+) 





Analysis, Calculated for C21H27NO4 




Calculated: 


C. 70.56 


H, 7.61 


N, 3.92 


45 


Found: 


C, 70.31 


H, 7.70 


N. 3.75 



SO 



55 



72 



EP0655 439 A2 



Part B Preparation of the intermediate (60: 



10 



15 



OEt 




(6f ) 



The intermediate was prepared by the method of preparing (6e) (from Example 14, Part B) in 98% yield 
using (5f) of Part A as starting material. FDMS 359 (M+) 





Analysis, Calculated for C2iH2gN04 


20 


Calculated: 


C, 70.17 


H, 8.13 


N. 3.90 




Found: 


G, 70.21 


H, 8.40 


N. 3.92 



25 



30 



35 



Part C Preparation of the intermediate (14g): 

The intermediate was prepared by the method of Example 12, Part E (14d) using as starting material (6f) 
(prepared in Part B of this Example) in 67% yield. An analytically pure sample was obtained by recrystalllzing 
a small amount from hexane/Et20. FDMS 397 (M+) 



Analysis, Calculated for C23H31N3O30 0.17 Hexane 


Calculated: 
Found: 


C. 70.00 
C, 70.02 


H. 8.716 
H, 7.92 


N, 10.19 
N, 10.40 



40 



60 



55 



Part D Preparation of the intermediate (15g): 

The intermediate was prepared by the method of Example 12, Part F (15d) starting from the product of 
Part C of this Example (14g). After concentrating under reduced pressure, dissolved the residue in EtOAc, 
washed with H2O and reconcentrated to a yellow solid which was triturated with acetone to give analytically 
pure (15g) in a quantitative yield. FDMS 431 (M+) 



45 


Analysis, Calculated for C23H33N3SO3 




Calculated: 


C. 64.01 


H, 7.71 


N, 9.74 




Found: 


C, 64.23 


H. 7.76 


N, 9.83 



Part E Preparation of the intenmediate (16g): 

The intermediate was prepared by the method of Example 1 2. Part 6 (1 6d) starting from (1 5g) in 69% yield. 
Part F Preparation of the intermediate (17f): 

The intermediate was prepared by the method of Example 13, Part H (17d) starting from (16g) (prepared 
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in Part E of this Example) in 92% yield. 

Part Q Preparation of the title compound (18g): 

5 The title compound was prepared in a manner according to Example 12, Part H (18d) starting from (17f). 

The product was purified by triturating with EtzO to afford an 82% yield of the desired product as the TFA salt 
m.p. 209"212*»C. FDMS 387 (m^D 

NMR (DMSO/TMS): d = 0.8-0.9 (t, 3H), 1.1-1.6 (m. 14H), 2.1-2.3 (m. 1H). 3.2-3.3 (m. 2H). 7.3 (s. 1H). 7.6 
(m. 2H), 8.2 (s. 1H). 8.6 (t, 1H). 8.9 (bs. 2H). 9.2 (bs. 2H), 11.&.12.2 (m. 2H) 



Analysis, Calculated for C23H3iF3N4O5»0.4 CF3COOH 


Calculated: 
Found: 


C. 52.34 
C. 52.52 


H. 5.80 
H. 5.85 


N. 10.26 
N. 10.50 



Example 16 

Preparation of Compound (18h): 
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Part A Preparation of intermediate (5g): 



5 



10 



IS 




20 

(5g) 



The intermediate was prepared by the method of Example 14, Part A (5e) using as starting material triethyl- 
25 2-phosphono-octanoatB and (2b) (product of Example 13 Part B) in 64 % yield. 

Part B Preparation of intermediate (6g): 

The intermediate was prepared by the method of Example 14, Part B (6e) using as starting material (5g) 
30 in 97% yield. FDIVIS 425 {M*) 





Analysis, Calculated for C25H35N3O3 




Calculated: 


C, 70.56 


H, 8.29 


N. 9.87 


35 


Found: 


C. 70.57 


H. 8.24 


N. 9.66 



Part C Preparation of the intermediate (14h): 

The Intenmediate was prepared by the method of Example 12, Part E (14d) starting from 6g (prepared in 
Part B this Example) in 68% yield. FDMS 425 (M+) 





Analysis, Calculated for C25H35N3O3 


45 


Calculated: 


C. 70.56 


H. 8.29 


N. 9.87 




Found: 


C, 70.57 


H. 8.24 


N. 9.66 



50 Part D Preparation of the intermediate (15h): 

This intennediate was prepared by the method of Example 12, Part F (1 5d) starting from (14h) (prepared 
in Part C this Example) . The product was purified by chromatography (Si02, 2 % vAri^eOH/CHCIa) to recover 
a 85 % yield of the desired product. FDMS 459 (M*) 

55 
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Analysis, Calculated for C25H37N3SO3 




Calculated: 


C, 65.33 


H, 8.11 


N, 9.14 


5 


Found: 


C. 65.30 


8.04 


N. 9.23 



Part E Preparation of the intermediate (16h): 

10 The intermediate was prepared according to Example 12. Part G (16d) starting from (15h) (prepared In 
Part D this Example) in 52% yield. FDI^S 543 (m+D 





Analysis, Calculated for C3oH46N405» .05 CHCI3 


15 


Calculated: 


C, 65.78 


H. 8.46 


N, 10.21 




Found: 


C. 65.64 


H, 8.19 


N, 10.09 



^ Part F Preparation of the product (1 8h): 

The title compound was prepared by treating compound (16h) (1.1 g, 2 mmol) in EtOH (30 ml) with a sol- 
ution of LiOH (.48 g. 20 mmol in 10 ml H2O) at ambient temperature overnight (16 hours) then at reflux for 4 
hours. The reaction mixture was cooled to room temperature, quenched with 5 N aqueous HCI (3.5 ml) and 
concentrated to solid. The product was purified by chromatography (SiOz, 4-10% v/v CHCIa/MeOH, 1 % HOAc) 
to recover ^4 g (29%) of the free base of the desired amidino acid. FDMS 415 (M+1) 
iH NMR (DMSO/TMS): d = 0.8-0.9 (t, 3H), 1.0-1.6 (m, 18H), 2.2-2.1 (m, 1H). 3.2-3.4 (m. 2H). 7.3 (s, 1H), 7.5- 
7.6 (m, 2H), 8.2 (s. 1H), 8.7 (t, 1H), 9.0 (bs. 2H). 10.3 (bs. 3H) 

Example 17 

30 

Preparation of Compound (181): 




• TFA 



Part A Preparation of the protected amino acid intenmediate (19) : 



50 




(19) 
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To a mixture of 5-aminovaleric acid (7.75 g, 66 mmol) and sodium carbonate (7 g, 66 mmol) in H2O (50 
ml) was added benzyl chloroformate dropwise at ambient temperature. Stirring was continued for 3 hours. 
EtOAc was added before acidifying the mbcture with 5 N aqueous HCl. The organic layer was washed with 
HaO and brine, dried with MgS04 and concentrated under reduced pressure. Trituration with EtaO yielded 12.6 
5 g (76%) of a white solid. 



Part B Preparation of the intermediate (20): 




5-carbobenzyloxyamino valeric acid (19) (55g, .22 mol), N-methyl morpholine (55.4 g. .26 mol) and CH2CI2 
(500 ml) were combined in a reaction mixture. The mixture was cooled to -lO'^C and isobutyl chloroformate 
20 (35.9 g, .26 mol) added dropwise. The mixture was stirred for 45 minutes then N.O-dlmethylhydroxylamine hy- 
drochloride (53.4 g. .55 mol) was added all at once as a solid. Stirring was continued at O^'C for 3 hours. The 
mbcture was quenched with saturated aqueous NaHCX)3» the layers were separated and the organic layer dried 
over i\^gS04. The product was concentrated under vacuum to an oil which was purified by chromatography 
(Si02, 40 % yN EtOAc/Hexane) to recover 30.47 g (47%) of the Wienreb amide (20) as a colorless oil. 

25 

Part C Preparation of intermediate (21a) : 




The Wienreb amide (20) was dissolved in dry THF (450 ml) under argon and cooled to -78°C. 1 .4 M CHsLi 
In ethyl ether (222 ml, 312 mmol) was then added. The mixture was warmed to 0°C and stinring continued for 
40 5 hours after which it was recooled to '78''C and quenched with saturated aqueous NaHCOa (100 ml). The 
mixture was then partitioned between H2O and EtOAc. The organic layer was dried over MgS04 and concen- 
trated to an oil which was purified by chromatography (Si02, 15 % v/v EtOAc/Hexane) to recover 22 g (85%) 
of colorless oil. 

45 Part D Preparation of intermediate (22a): 



50 




(22a) 

55 

Sodium hydride (60% in oil, 7.4 g, 185 mmol) was washed with hexane and suspended in dry THF (400 
ml). The mixture was cooled to -lO^C and t-butyl diethylphosphonoacetate (47 g, 185.3 mmd) was added por- 
tionwise. The temperature was allowed to rise to 0*^C where it was stinted for 2 hours after which a solution of 
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the ketone (21a) part C this Example] (22 g. 88 mmol) In THF (75 ml) was added quickly. The reaction was 
stirred at ambient temperature for 2 hours then quenched with saturated aqueous NH4a (1 00 ml). The mbrture 
was partitioned between H2O and EtOAa After separating, the organic layer was dried over MgS04 and con- 
centrated to an oil which was purified by chromatography (Si02. 15 % v/v EtOAc/Hexane) to recover 25.8 g 
(84%) of a colorless oil. 

Part E Preparation of the IntemfiediatB (14i"): 




H 

(141) 



Ester (22a) (7.3g, 21 mmol) (prepared In Part D of this Example) was mixed with EtOAc (25 ml) and Pd/C 
10% (3 g). The mixture was hydrogenaled at atmospheric pressure for 18 hours, filtered through celite and 
concentrated to give 4.5 g of (13a) as an oil. 

Asdution of 5-cyanoindole-2.carboxylate (1.10 g. 5.91 mmol) (prepared in Example 1 Part D), 4-dimethy- 
laminopyridine (0.725 g, 5.93 mmol). diisopropylethylamlne (2.1 ml, 12.1 mmo!) and (13a) (1.05 g. 4.87 mmol) 
in CHaQz (50 ml) was treated with 1-(3-dimethylamlnopropyl)-3-ethylcarbodlimide hydrochloride (1 .35 g, 7.04 
mmol). The reaction was stirred at room temperature for 48 hours at which time it was washed sequentially 
with 1 N aqueous citric acid (50 ml) and H2O (50 ml). The organic phase was dried over Na2S04 and evaporated 
to give 2.1 g of a tan solid which was purified by flash chromatography (SlOzi 40 % EtOAc in hexane) to afford 
850 mg (38 %) of a white solid. 
MS(FD). m/e 383 (M+; 100). 



Anal Calcd. for C22H29N3O3: 


Calculated 
Found 


C 69.11, 
C 68.90. 


H7.64. 
H 7.62, 


N 11.10; 
N 10.96. 



Part F Preparation of the intermediate (151) : 



S 




(15i) 



The intemiediate was prepared by the method of (1 5d) (Example 1 2. Part F) starting from (14i). The product 
was purified by chromatography (SiOa, 2 % v/v MeOH-CHCy to recover a 88 % yield. FDMS 417 
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Analysis, Calculated for C22H31N3S03 




Calculated: 


C, 63.28 


H, 7.48 


N, 10.06 


6 


Found: 


C. 63.11 


H, 7.45 


N. 10.13 



Part G Preparation of the intermediate (16i) 




(16i) 

20 



The intermediate was prepared according to Example 12, Part G (16d) starting from (15i) in quantitative 
yield. FDMS 501 (M+1) 

25 Part H Preparation of the title compound (1 8i) : 

The title compound was prepared according to Example 9, Part G (18a) starting from (161) (prepared in 
Part F of this Example) in a 92% yield of analytically pure material as the TFA salt 
FDIVIS 345 

30 Analysis, Calculated for C20H25F3N4O5 

iH HMR (DMSOn-|VIS) : d = 0.8-0.9 (d. 3H), 1.1-1.6 (m. 6H). 1.8-1.9 m, 1H) . 1.9-2.3 (m, 2H), 3.2-3.4 (m. 2H). 
7.3 (s. 1H). 7.5-7.7 (m, 2H). 8.2 (m, 1H). 8.6-8.7 (t, 1H). 8.8 (s. 2H), 9.2 (s. 2H), 11.9-12.2 (m, 2H) 



Calculated: 


C. 52.40 


H. 5.5 


N, 12.22 


Found: 


C, 52.30 


H. 5.47 


N. 11.94 



Example 18 

Preparation of Compound (18j): 




0 Et 
■ TFA 



(18j) 
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Part A Preparation of the intermediate (21 b): 



5 




{21b) 

Intermediate (21 b) was prepared from Weinreb amide (Example 17, Part B) and ethyl magnesium bromide 
by substantially following the procedure described In Example 17, Part C. FD-MS 263 (M+; 100) 



IS 


Elemental Analysis Calcd. For C15H21NO3: 




Calculated 


C 68.42. 


H8.04. 


N 5.32. 




Found 


C 68.29. 


H7.90. 


N 5.26. 



20 

Part B Preparation of the second Intermediate (22b) : 

Intermediate (22b) was prepared according to the methods described in Example 17, Part D except that 
ketone (21 b) (Example 18. Part A) was used Instead of ketone (21a) to give 2.20 g (31 %) of the product as 
an oil. 



FDMS362(IVI+1;100) 





Analysis, Calculated for C21H31N1O4 


30 


Calculated: 


C. 69.78 


H, 8.64 


N, 3.88 




Found: 


C, 69.99 


H, 8.60 


N. 4.04 



35 Part C Preparation of intenmediate (14j): 

Intermediate (14j) was prepared using the methodology described in Example 17. Part E except that a,p- 
unsaturated ester (22b) was used Instead of product (22a) to yield the desired product 
FDMS 397 (M+.100) 



Analysis, Calculated for C23H31N3O3 


Calculated: 
Found: 


C. 69.50 
C, 69.68 


H, 7.86 
H. 7.75 


N. 10.57 
N. 10.70 



Part D Preparation of intenmediate (15j) : 

This intermediate was prepared according to Example 12. Part F (15d) starting from (Uj). The product 
was purified by chromatography (SiOa. 1 % v^ MeOH/CHCy to recover a 93 % yield of the desired product 
FDMS 431 





Analysis. Calculated for C23H33N3SO3 


55 


Calculated: 


C, 64.01 


H. 7.71 


N, 9.74 




Found: 


C. 63.76 


H, 7.69 


N. 9.98 
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Part E Preparation of the intermediate (16j) : 

The intenmediate was prepared in a manner similar to (16d) (Example 12, Part G) starting from (15j) in 
89% yield. FDMS 535 (M-M) 

5 

Part F Preparation of the title compound (18j) : 

The title compound was prepared by the method of Example 9, Part G (18a) starting from (16j) to give a 
75% yield of analytically pure material as the TFA salt 
10 FDMS 359 <M+i) 

Analysis, Calculated for C21H27F3N4O5 

NMR (DMSOm/lS) : d = 0.8-0.9 (m. 3H), 1.2-1.4 (m, 6H). 1.3-1.4 (m. 2H),1.4-1.5 (m. 1H). 2.1-2.2 (d, 2H). 
3.3-3.4 (m. 2H). 7.3 (s. 1H). 7.5-7.7 (m. 2H). 8.2 (s. 1H), 8.6-8.7 (t. 1H). 8.8 (s, 2H). 9.2 (s. 2H). 12.0 (s. 1H) . 
12.1 (s, 1H) 



IS 



Calculated: 


C. 53.39 


H, 5.78 


N, 11.86 


Found: 


C. 53.44 


H. 5.69 


N, 11.79 



20 

Example 19 

Preparation of Compound (18k) : 




45 




50 



(21c) 



Intermediate (21c) was prepared from Weinreb amide (20; Example 17. Part B) and n-butyl lithium by the 
pfx>cedure described in Example 17, Parte. 



55 
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Part B Preparation of the intermediate (22c) : 




(22c) 

Intemnediate (22c) was prepared from ketone (21c) (prepared in Part Aof this Example) and tert-butyl dle- 
thylphosphonoacetate in 89% yield by the procedure described in Example 17, Part D. 



Analysis Calculated for C23H35NO4 


Calculated 
Found 


C. 70.92 
C. 71.13 


H, 9.06 
H. 8.97 


N, 3.60 
N. 3.85 



Part C Preparation of the intermediate (14k) : 

This Intemiediate is prepared according to Example 17, Part E (14i) starting with (22c) to give after puri- 
f icatton by chromatography (SiOj. 1 % v/v MeOH/CHCIa) a 54 % yield of (14k) as a white solid. An analytically 
pure sample was obtained by recrystallizing a small sample from Hexane/EtOAc. FDMS 425 (M+) 



Analysis. Calculated for C25H35N303 


Calculated: 
Found: 


C. 70.56 
C. 70.84 


H, 8.29 
H. 4.11 


N. 9.87 
N. 10.10 



Part D Preparation of the intermediate (15k) : 

The intermediate was prepared according to Example 12, Part F (15d) starting from (14k). The product 
was purified by chromatography (SiOj, 1 % v^ MeOH/CHaj to recover a 62 % yield of the desired produrt. 
FDMS 459 (M*) 



Analysis, Calculated for C25H37N3SO3 


Calculated: 
Found: 


C. 65.33 
C, 65.52 


H. 8.11 
H, 8.314 


N. 9.14 
N. 9.22 



Part E Preparation of the intemiediate (16k) : 

The intermediate was prepared according to Example 12, Part G (16d) starting from (15k) In 60% 
FDMS 543 a \ / 



Analysis, Calculated for C30H48N4O5 


Calculated: 
Found: 


C. 64.01 
C. 63.76 


H, 7.71 
H. 7.69 


N. 9.74 
N. 9.98 
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Part F Preparation of the title compound (1 8k) : 

The title compound was prepared according to Example 9, Part G (18a) starting from (16k) in a 87% yield 
of analytically pure material as the TFAsalL 
5 FDMS387<M*i) 





Analysis, Calculated for C23H3iF3N405 




Calculated: 


C. 55.19 


H. 6.24 


11.19 


10 


Found: 


C, 55.19 


H. 6.27 


N. 11.05 



IS 



20 



25 



30 



35 



40 



1H NMR(DMSO/rMS): a = 0.8^0.9 (m, 3H). 1.1-1.3 (m, 11H), 1.5-1.6 (m. 2H). 1.7-1.8 (m, 1H), 2.1-2.2 (m, 2H), 
3.2-3.4 (m. 2H). 7.3 (s. 1H), 7.5-7.7 (m. 2H). 8.2 (s, 1H), 8.6-8.7 (t, 1H). 8.9 (s, 2H), 9.2 (s. 1H). 11.9-12.2 (m, 
2H) 

Example 20 

Preparatton of Compound (181): 




• TFA 



(181) 



Part A Preparation of the intermediate (21d) : 



so 




(21d) 



55 



Winereb amide (20) (1 0 g, 34 mmol) (Example 1 7, Part B) was dissolved in dry THF (200 ml) under argon 
and the solution cooled to -78'*C. Hexyl magnesium bromide prepared from hexyt bromide (33.6 g, 204 mmol) 
and magnesium turnings (4.95 g. 203 mmol) in ethyl ether (50 ml) was added dropwise. The mixture was 
warnied to -30*'C for 30 minutes, then to O^'C for 4 hours. The mixture was recooled to -78''C, quenched with 
saturated aqueous NH4CI (50 ml) then partitioned between H2O and EtOAc. The organic layer was dried over 
MgS04 and concentrated to an oil which was purified by chromatography (SIO2, 30 % v/v EtOAc/Hexane) to 
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recover 7.9 g (73%) of colorless oil which solidified on standing. 
Part B Preparation of the intennediate (22d) : 

Intermediate (22d) was prepared from ketone (21 d) and tert-bulyl diethylphosphonoacetate In 67% yield 
by following the procedure described in Example 17, Part D. 

Part C Preparation of the intermediate (141) : 

Intermediate (141) was prepared in 52% yield by using the method of Example 17, Part E substituting (22d) 
for (22a) as the starting material. 
FDMS 453 (M+) 



Analysis. Calculated for C27H39N3O3 


Calculated: 
Found: 


C, 71.49 
C. 71.41 


H, 8.67 
H, 8.56 


N, 9.26 
N. 9.37 



Part D Preparation of the intermediate (151): 

The intennediate was prepared by the method of Example 1 2. Part F (1 5d) starting from (141 ). The product 
was purified by chromatography (SIO2, 2 % v/v MeOH/CHQa) to recover a 47 % yield, of the desired product 
FDMS 487(M+) 



Analysis, Calculated for C27H41N3SO3 


Calculated: 
Found: 


C. 66.50 
C, 66.49 


H, 8.47 
H, 8.41 


N. 8.62 
N, 8.78 



Part E Preparation of the intermediate (161): 

The Intemiedrate was prepared by the method of (16d) (Example 12, Part G) starting from (151) in 56% 
yield. FDMS 571 (M+1) 

Part F Preparation of the title compound (181): 

The title compound was prepared by the method of (18a) (Example 9, Part G) starting from (161) in a 91 % 
yield of analytically pure material as the TFAsalt 
FDMS 415 



Analysis. Calculated for C20H25F3N4O5 


Calculated: 
Found: 


C, 56.81 
C, 57.10 


H, 6.67 
H, 6.78 


N. 10.60 
N, 10.43 



iNMR(DMSO/rMS); d = 0.7-0.8 (m. 3H), 1-1.4 (m. 14H). 1.4-1.6 (m. 2H). 1.6-1.8 (m. 1H). 2.0-2.2 (m. 2H). 3.2- 
3.3 (m. 2H). 7.3 (s. 1H) . 7.5-7.6 (m, 2H), 8.2 (s, 1H), 8.9 (s, 2H). 9.1 (s, 2H), 11.9 (s. 1H). 12.1 (m. 1H) 

Example 21 



Preparation of Compound (18m) : 
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NH 



5 




(18m) 

Part A Preparation of the intermediate N-Cbz-7-aminoheptanoic acid represented by the formula below: 




20 A solution of 7-aminoheptanoic acid (5.0 g, 34.4 mmol) in 2 N aqueous NaOH (75 ml) was treated simul- 
taneously with benzyl chloroformate (6.0 ml, 42.0 mmol) and 2 N aqueous NaOH 75 ml. The reaction was stirred 
for 22 hours and was diluted with an additional 2 N aqueous NaOH (150 ml). The mbcture was extracted with 
100 ml of Et20, was acidified to pH 1 with 5 N aqueous HCI, and extracted with EtOAc (4 x 100 ml). The conv 
bined EtOAc extracts were dried over Na2S04 and evaporated to give 7.8g (28 mmol; 81 %) of the title conv 

25 pound as a white solid. 
MS(FD) m/e. 280 (M+1). 





Anal Calculated for C17H25NO4 (0.2 HCI) : 


30 


Calculated 


C 62.86, 


H 7.45. 


N 4.89; 




Found 


C 62.70. 


H 7.23. 


N 5.00. 



Part B Preparation of the intermediate methyl A^Cbz-A^methyl-7-aminoheptanoat6 represented by the fol- 
lowing formula: 

Me 
I 

Cbz*^ C02Me 

A slurry of NaH (60% dispereion in mineral oil; 2.1 g. 54.8 mmol) in THF (200 ml) at OX was treated se- 
quentially with a solution of N-Cbz-7-amlnoheptanoic acid (5.0 g) In THF (50 ml) followed by Mel (11.1 ml; 25.3 
g; 178 mmol). The reaction was allowed to stir at room temperature for 18 hours at which time it was cooled 
to 0°C and quenched by the addition of brine (100 ml). The organic layer was separated, dried over Na2S04, 
and evaporated to afford 8.10 g of an oil. Purification by flash chromatography (Si02; 40 % EtOAc/hexanes) 
afforded 4.11 g (75 %) of the title compound as a viscous oil which solidified on standing. 
iH mR (300 MHz; DMSO-de) d 7.37-7.22 (m. 5H), 5.03 (s. 2H). 3.55 (s. 3H). 3.19 (t, J = 6.8 Hz. 2H), 2.81 
(bd, J = 8.7 Hz. 3H). 2.29-2.17 (m. 2H). 1.55-1.36 (m. 4H), 1.33-1.03 (m. 4H). 
MS(FD)m/e, 307 (M+1). 





Anal Calculated for C17H25NO4: 


55 


Calculated 


C 66.43, 


H 8.20. 


N4.60; 




Found 


C 66.19. 


H8.22. 


N 5.17. 
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Part C Preparation of the intermediate (14m): 



5 




a4m) 

10 

A solution of methyl N-Cbz.W-methyl-7-aminoheptanoate (4.0 g. 13.0 mmol) (prepared in Part B of this 
Example) In EtOAc (1 50 ml) was treated with 10 % Pd/C (1 .0 g) and the mixture was hydrogenated at atmos- 
pheric pressure for 2 hours. The catalyst was filtered and the organic solvent evaporated in vacuo to afford 
IS 2.20 g (98 %) of methyl N-methyi-7-aminoheptanoate which was directly coupled to 5-cyanoindole-2-carbox- 
ylate in 62% yield by following the procedure described in Example 9, Part C. 
MS(FD) m/e, 341 (IVI+1). 



20 


Anal Calculated for CigK^NsOa: 


Calculated 


C 66.84, 


H 6.79, 


N 12.31; 




Found 


C 67.03, 


H 6.88. 


N 12.26. 



Part D Preparation of the intermediate (15m) : 



S 



30 




H 

35 

(15m) 

The Intermediate was prepared by the method of (1 5d) (Example 12, Part F) starting from (14m) to recover 
a 97 % yield of the desired product FDMS 375 





Analysis, Calculated for C19H25N3SO3 




Calculated: 


C, 60.78 


H, 6.71 


N, 11.19 


45 


Found: 


C, 60.75 


H, 6.370 


N. 11.26 



50 



55 
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Part E Preparation of the intermediate (16m) : 



BOCHN 



10 




(16m) 



OMe 



The intermediate was prepared according to Example 12, Part G (16d) starting from (15m) in 89% yield. 
15 fOMS 459 

Analysis, Calculated for C24H34N4O5«0.04 CHCI3 



20 Calculated: C, 62.32 H, 7.59 11.85 

Found: C, 62.16 H, 7.40 N, 12.09 



Part F Preparation of the intermediate (17g) : 

25 

The intermediate was prepared according to Example 13, Part H (17d) starting from (16m) in 31% yield. 
FDIWS445 <w*i) 

Part G Preparation of the title compound (18m): 

30 

The title compound was prepared as the TFAsalt according to Example 9, Part G (18a) starting from (17g) 
in81%yieId.FDMS346<M+i) 

iH NMR (DIVIS0/TI\4S) : a = 1.2 (s 4H), 1.4-1.8 (m, 4H). 2-2.2 (m, 2H). 2.9-3.7 (m. 5H), 7.0 (s. 1H). 7.5-7.8 (m. 
2H), 8.2 (s, 1H). 8.8 (s. 2H). 9.1 (s, 2H), 12.1 (s, 1H) 



Analysis, Calculated for C2oiH25F3N406 


Calculated: 
Found: 


C, 52.40 
C, 52.53 


H, 5.50 
H. 5.49 


N. 12.22 
N, 11.97 



Example 22 

Preparation of Compound (18n) : 



NH 



50 




(18n) 



55 
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Part A Preparation of the intermediate. (14n): 



OMe 




(14n) 



Intermediate (14n) was prepared in 48% yield from 5-cyanobenzofuran-2-carboxylatB and methyl 7-hep- 
tanoate by following the procedure described in Example 9, Part C. MS(FD). m/e 328 (M+). 



Anal Calcd. for C18H20N2O4: 


Calculated 
Found 


C 65.84, 
C 65.87, 


H 6.14, 
H6.29, 


N8.53; 
N 8.59. 



Part B Preparation of the intermediate (15n): 



S 




(15n) 

The intermediate was prepared according to Example 12, Part F (15d) starting from (14n) to afford a 97 
% yield. 

FDMS 362 (M+) 



Analysis. Calculated for C18H22N2SO4 


Calculated: 
Found: 


C. 59.65 
C, 59.43 


H, 6.12 
H. 6.15 


N. 7.73 
N. 7.59 



Part C Preparation of the intermediate (16n): 




{16n) 
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The intermediate was prepared according to Example 12. Part G (16d) starting from (15n) to recover a 58 
% yield of the desired product FDMS 446 (^^i) 
Analysis, Calculated for C23H3iN30e- .09 CHCta 



5 


Analysis, Calculated for C^HaiNaOeo .09 CHCIa 




Calculated: 


C, 60.78 


H, 6.87 


N. 9.21 




Found: 


C, 60.85 


H, 7.01 


N, 9.17 



10 



Part D Preparation of the title compound (18n) 

Compound (16n) (0.22 g, 0.5 mmol) in MeOH (10 ml) was treated with a solution of 1 N aqueous NaOH 
(2.5 ml) at ambient temperature overnight (16 hours). The reaction was quenched with 1 N aqueous HCI (2.5 
ml) and concentrated to solid under reduced pressure. The product was then mixed with toluene and recon- 
centrated. The resulting solid was mixed with anhydrous anisole (5 ml) and trifluoroacetic acid (5 ml). The re- 
action mixture was stirred at ambient temperature for 4 hours. After concentrating under reduced pressure 
the resulting solid was triturated with a mixture of hexane and H2O and filtered to recover 155 mg (70 %) of 
the title compound as the TFA salt FDMS 332 i^^) 

iH NMR (DMSOyTMS): 5 = 1.1-1.3 (m, 4H), 1.4-1.6 (m. 4H), 2.1 (t, 2H), 3.2-3.4 (m, 2H), 7.6 (s, 1H) , 7.8-7.9 
(m. 2H), 8.2 (s. 1H), 8.8 (t. 1H). 9.1 (s, 2H), 9.3 (s. 2H). 11.9 (s, 1H) 



Analysis, Calculated for CigH22F3N3O6o0.14 CF. 


3COOH 








Calculated: 


C, 50.19 


H, 4.84 


N, 9.11 


Found: 


C, 50.45 


4.89 


N, 8.69 



30 

Example 23 

Preparation of Compound (I80) : 

35 



NH 



40 




(180) 



45 Part A Preparation of the Intermediate (14o) : 



50 




(14o) 



55 

Intermediate (14o) was prepared in 47% yield from 5- cyanobenzothiophene-2-carboxylate (Example 5. 
Part B) and methyl 7-aminoheptanoate by following the procedure described In Example 9, Part C. 
FDMS 344 (M-I-) 
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Analysis, Calculated for C18H20N2SO3 


Calculated: 
Found: 


C. 62.77 
C, 62.77 


H, 5.85, 
H. 5.87 


N,8.13 
N. 8.08 



Part B Preparation of the intermediate (15o) : 



S 




(15o) 

Tlie Intennediate was prepared by the method of (1 5d) (Example 12, Part F) starting from (14o) to recover 
a quantitative yield of the desired product. 

Part C Preparation of the intermediate (I60) : 



BOCHN 




{I60) 



The intermediate was prepared according to Example 12. Part G (16d) starting from {15o) in 67% yield. 
Part D Preparation of the title compound (I80) : 

The title compound was prepared as the TFAsalt according to Example 22, Part D (1 8n) starting from {I60) 
In 60% yield. FDMS 348 c^^) 

iH NMR (DMSO/TMS): a = 1.4 (m, 4H). 1.5 (m, 4H), 2.2 (t. 2H), 3.2 (m, 2H), 7.7 (d. 1H), 8.1 (s, 1H), 8.2 (d, 
1 H), 8.8 (t. 1 H), 9.2 (bs, 2H), 9.3 (bs. 2H), 11 .9 (bs, 1 H) 



Analysis, Calculated for Ci7H2iN3O3»0.87 CF3COOH 


Calculated: 
Found: 


C, 50.40 
C, 50.40 


H, 4.94 
H. 4.73 


N, 9.41 
N, 9.20 



Example 25 

Preparation of Compound (18q) : 



90 
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(ISq) 



Part A Preparation of the intermediate (14p) : 



15 



20 




(14p) 



0 t-Bu 



Intermediate (14p) was prepared according to Example 9, Part C starting from (6c) and (40) (from Example 
2, Part C) to afford a 59 % yield of product. 
25 FDMS 369 (M-I-) 

Analysis, Calculated for C21H27N3O3 



30 



Calculated: 
Found: 



C, 68.72 
C, 68.51 



H, 7.37 
H, 7.50 



N, 11.37 
11.41 



35 Part D Preparation of the intermediate (1 5p) : 



40 



45 




15p 



O t-Bu 



The intermediate was prepared according to Example 12, Part F (15d) Starting from (41) prepared in Part 
C of this Example) to recover a 56 % yield of the desired product FDMS. 403 c^) 



so 


Analysis, Calculated for C21H29N3SO3 




Calculated: 


C, 62.50 


H.7.34 


N, 10.41 




Found: 


C, 62.44 


H, 7.24 


N, 10.51 



55 
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Part E Preparation of the intermediate (16p) : 




NH H 

(16p) 



Prepared according to Example 12, Part G (16d) starting from (15p) in 74% yield. FDMS 487 



Analysis. Calculated for C26H38N406* .21 CHO^ 


Calculated: 
Found: 


C. 61.52 
C, 61.62 


H, 7.53 
H. 7.76 


N. 10.95 
N. 10.62 



Part F Preparation of the title compound (18q) : 

The title compound was prepared as the TFAsalt according to Example 9, Part G (18a) starting from (16p) 
in 86% yield. 
FDMS 331 <M*n 

1H NMR (CDQan-MS) : 5 = 1.3 (m. 4H), 1.5 (m, 4H). 2.2 (t. 2H). 3.2 (q. 2H), 7.2 (s, 1H). 7.4 (d, 1H). 7.8 (m. 
2H), 8.6 (t, 1H). 8.9 (s. 2H), 9.2 (s, 2H), 12.2 (s, 1H) 



Analysis, Calculated for Ci9H23F3N405 


Calculated: 
Found: 


C. 51.35 
C. 51.12 


H. 5.22 
H, 5.02 


N, 12.61 
N. 12.48 



Example 26 

Preparation of Compound (18s) : 




H • TFA 

(IBs) 
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Part A Preparation of intermediate (14r) : 



NC. 




H 



OUe 



\ 

H 



10 



I 

15 



20 



25 



30 



35 



40 



45 



SO 



A solution of 5-cyanoindole-2-carboxytlc acid (2.75 g, 14.8 mmol) (from Example 1, Part D), dimethylami- 
nopyridine (3.50 g, 28.6 mmol), diisopropylethytamine (4.0 ml, 23.0 mmol) and ethyl 7-aminoheptanoate hy- 
drochloride (4.0 g, 19.1 mmol) in CH2CI2 (100 ml) was treated with 1-(3-dimethyIaminopropyl)-3-ethylcarbo- 
diimide hydrochloride (3.70 g, 19.3 mmol). The reaction was stirred at ambient temperature for 48 hours at 
which time it was washed sequentially with 1 N aqueous citric acid (50 ml) and H2O (50 ml). The organic phase 
was dried over Na2S04 and evaporated to give 4.1 g of a tan solid which was recrystalllzed from THF/EtOAc 
to afford 3.25 g (33 %) of the title compound as a white solid. 
MS(FD). m/e 341 (M+1). 

Anal Calcalculated for C19H23N3O3: 



Calculated: C 66.84, H 6.79, N 12.31; 
Found: C 66.62, H 6.75, N 12.38. 



Part B Preparation of the title compound (18s): 

The title compound was prepared by treating a slurry of (14r) (1.50 g, 4.18 mmol) in EtOH 250 ml with a 
stream of HCI gas for 30 min. resulting in a clear solution. The reaction was capped and stirred for 48 houre 
at ambient temperature at which time it was concentrated in vacuo. The residue was resuspended in EtOH 
250 ml and the mixture treated with a stream of ammonia gas for 30 min. The mbcture was capped and was 
stirred at room temperature for 24 hours at which time it was treated with ammonia gas for an additional 30 
min. After stirring for 72 hours, the reaction was evaporated In vacuo to afford 820 mg of a solid which was 
taken on directly to the next reaction. A solution of 260 mg (0.65 mmol) of the above ester in THF (1 3 ml) was 
treated with 0.1 N aqueous LiOH (13 ml) and the reaction stinred for 16 hours. The organic solvent was evapo- 
rated and the aqueous layer acidified to pH 4 with 1 N aqueous HCI. The solid was filtered and dried to afford 
151 mg (67 %) of the title compound as hydrochloride salt 

Example 27 

Preparation of Compound (18t) : 
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NH 




(18t) 



Part A Preparation of the intermediate (14s) : 



OEt 



H 

(14s) 



Compound (14s) was prepared according to Example 26, Part A(14r) by substituting ethyl 5-aminopen- 
tanoate hydrochloride for ethyl 7-aminoheptanoate hydrochloride. The product was isolated as a tan solid which 
was recrystallized from THF/EtOAc to afford 2.65 g (53 %) of the title compound as a white solid. 
FE)-MS 313 (M+). . 



Elemental Analysis Calculated For CiyHigNaOg: 


Calculated: 
Found: 


C 65.15, 
C 64.93. 


H6.11, 
H 6.09, 


N 13.41. 
N 13.60. 



Part B Preparation of the title compound (1 8t): 

A 5X solution of the nltrile ester (14s) (1 .50 g, 4.79 mmol) in EtOH (1 30 ml) was treated with a stream of 
HCI gas for 1 5 min. This was repeated once a day for 6 days at which time the solvent was evaporated in vacuo 
to gh^e a white solid. The residue was taken up in 250 ml of EtOH and was treated with a stream of NH3 gas. 
After 48 hours, the solvent was evaporated In vacuo to afford 1.63 g of a white solid which was purified by 
reverse phase HPLC on a Rainin Dynamax C-1 8 column using 50 % CH3CN and 1 % CH3CO2H in H2O as the 
eluent The homogeneous fractions were combined, the organic solvents were evaporated In vacuo, and the 
aqueous phase was lyophilized to afford 1.04 g (2.84 mmol. 59 %) of the imino ether as the hydrochloride salt 
FD-MS 331 (M+1. 100). 

Elemental Analysis Calculated For C17H23CIN4O3: C 55.66, H 6.32, N 15.27. Found C 55.42. H 6.29. N 15.15. 

Asolution of the above imidate (L14-7VK-113) (240 mg, 0.65 mmol) in 13 ml THF was treated with 13.1 
ml of 0.1 N aqueous LiOH solution. The reaction was stirred at ambient temperature for 16 hours at which time 
the THF was evaporated in vacuo. The aqueous layer was acidified to pH 4 with 1 N aqueous HQ. The resulting 
solid filtered and dried to give 195 mg of material which was purified by reverse phase chromatography over 
a Novapak C18 column using 0.5 % ammonium formate and 40 % MeOH in H2O as the eluent The homoge- 
neous fractions were combined, the MeOH was evaporated in vacuo, and the resulting aqueous layer lyophil- 
ized to afford 120 mg (0.34 mmol; 52 %) of the title compound as the formate salt 
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FD-MS 303 (M+. 100) 

HRMS Calculated for C16H1BN4O3 303.1457. Found 303.1446 





Elemental Analysis Calculated For CteH2oN406: 


5 


Calculated: 


C 55.17. 


H 5.79. 


N 16.08. 




Found: 


C 55.92, 


H 5.97. 


N 15.83. 



Example 28 

Preparation of Compound (18u) : 



20 




(18u) 

25 

Part A Preparation of the intermediate nitrile ester : 



30 



35 




(14t) 



Intermediate nitrile ester was prepared according to Example 26. Part A (14r) by substituting ethyl &-am*h 
nohexanoate hydrochloride for ethyl 7-aminoheptanoate hydrochloride. The product was isolated as a white 
solid which was recrystaliized from THF/EtOAc to afford 2.30 g (44 %) of the title compound as a white solid. 
FD-MS 327 (M+). 



45 


Elemental Analysis Calculated For CibH2iN303: 




Calculated: 


C 66.04, 


H 6.47. 


N 12.84 




Found: 


C 65.75, 


H 6.45. 


N 12.80. 



50 



Part B Preparation of the title compound (18u) : 

A 5'*C solution of 1.50 g (4.39 mnfK)l) of the nitrile prepared In Part A) in 130 ml of EtOH was treated with 
55 a stream of HCI gas for 15 min. This was repeated once a day for 5 days at which time the solvent was evap- 
oratea in vacuo to give a white solid. The residue was taken up in 130 ml of EtOH and was treated with a stream 
of NH3 gas for 15 min. After 96 hours, the solvent was evaporated in vacuo to afford 1.63 g of a white solid 
which was purified by reverse phase HPLC on a Rainin [)ynamax C-18 column using a gradient of 45 % to 55 
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% CH3CN and 1 % CH3CO2H in H2O as the eluent The homogeneous fractions were combined, the organic 
soh^ents were evaporated in vacuo, and the aqueous phase was lyophllized to afford 1.76 g (51 %) of the title 
compound as the hydrochloride salt 
FD-MS 345 (M+1). 



Elemental Analysis Calculated For Ci8H24aN403: 


Calculated 
Found 


C 56.76, 
C 56.52. 


H 6.62, 
H 6.619. 


N 14.71. 
N 14.60. 



Asolution of 250 mg (0.66 mmol) of the imidate (L14.7VK-111) In THF (13 ml) was treated with 0.1 N aqu- 
eous UOH solution (13.2 ml). The reaction was stirred at ambient temperature for 16 hours at which time the 
THF was evaporated in vacuo. The aqueous layer was acidified to pH 4 with 1 N aqueous HCI. The resulting 
solid filtered and dried to give 243 mg of material which was purified by reveree phase chromatography over 
a Novapak CIS column using 0.5 % ammonium formate and 35 % MeOH in H2O as the eluent The homoge- 
neous fractions were combined, the MeOH was evaporated in vacuo, and the resulting aqueous layer lyophll- 
ized to afford 184 mg (0.58 mmol; 88%) of the title compound. 
FAB-MS 317(M+, 100) 

HRMS Calculated for C16H20N4O3 317.1614. Found 317.1570 



Elemental Analysis Calculated For C16H20N4O5: 



Calculated 


C 60.75. 


H 6.37. 


N 17.71. 


Found 


C 61.03. 


H 6.47. 


N 17.50. 



Example 29 

30 Preparation of the aminomethyl basic functional compound (52b) : 



3S 




(52b) 

40 Part A Preparation of the intermediate (51 b): 



OMe 




{51b) 



Asolution of (14n) (0.5 g, 1 .5 mmol) (from Example 22. Part A) in EtOH (1 00 ml) and NH3 (5 ml) was treated 
55 with Raney Ni (0.25 g) and the mixture was hydrogenated at 500 psi (35.15 Kg/cm2) for 9 hours at 90*»C. The 
reaction was filtered, evaporated in vacuo, and the residue taken up In 50 ml THF. The solution was treated 
with K2CO3 (2.20 g, 16 mmd) followed by 15 ml of H2O. The reaction was stirred for 18 houre at room temper- 
ature and the organic layer was separated and dried over Na2S04. Evaporation of the solvent In vacuo gave 
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1 .30 g of crude product which was purified by radial chromatography (Si02; 40 % EtOAc in hexane) to afford 

310 mg (48%) of (51b) as a white solid. 

MS(FD)m/e,432(M-i-). 



5 


Anal Calcd for C^^^iOi (0.1 H2O) : 




Calculated 


C 63.61. 


H 7.47, 


N6.45; 




Found 


C 63.87, 


H 7.46. 


N6.48. 



10 

Part B Preparation of the title compound (52b) : 



IS 



20 



25 



A solution of 51b (280 mg, 0.65 mmol) In THF (10 ml) was treated with of UOH (75 mg. 3.3 mmol) followed 
by 3 ml of H2O. The reaction was heated to mild reflux for 6 hours and was concentrated in vacuo. The residue 
was partitioned between 50 ml of H2O and 50 ml EtOAc. The organic layer was separated and was washed 
with of 2 N aqueous NaOH (10 ml). The combined aqueous layers were acidified to -pH 5 with solid citric acid 
and were extracted with EtOAc (2 x 50 ml). The combined EtOAc extracts were dried over Na2S04 and evapo- 
rated in vacuo to afford 346 mg of the crude acid. Purification by radial chromatography (Si02; EtOAc) gave 
200 mg of the acid as a white solid. 

The acid (200 mg) was treated with 10 ml of a 10% anisole in TFA solution and the mixture stirred at room 
temperature for 3 hours. The reaction was concentrated in vacuo and the residue partitioned between 30 ml 
of H2O and 30 ml EtOAc. The aqueous layer was separated, washed with 30 ml EtOAc. acidified to pH 1 with 
5 N aqueous HOI. and lyophllized to afford 45 mg of the title compound as the TFA salt. 
MS(FD)m/e. 304 (M+1). 

Example 30 



Preparation of (18w) : 



30 



35 




(IBw) 



40 



Part A Preparation of (14v) : 



45 



so 




OMe 



{14v) 



Asolution of methyl 1-methyl-5-cyanoindole-2-carboxylate (48) (5.04 g, 23.5 mmol) (prepared in Example 
4, Part A) in THF (250 ml) was treated with a solution of LiOH (0.675 g, 28.2 mmol) in H2O (250 ml). The mixture 
was stirred for 16 hours at room temperature at which time the organic solvent was evaporated in vacuo. The 
aqueous layer was acidified to pH 4 with solid citric acid and was extracted with EtOAc (4 x 50 ml). The com- 
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bined organic layers were dried over Na2S04 and evaporated to give 4.10 g of 5-cyano-1-methylindole-2-car- 
boxylic add as an off-white solid. 

A solution of 3.25 g of the crude acid of Part A, 4-dimethyiaminopyridine (2.55 g. 20.1 mnK>l), methyl 7- 
amlnoheplanoate hydrochloride (4.11 g, 21.0 mmol), and diisopropylethylamine (8.80 ml, 50.6 mmol) in CHjaz 
(100 ml) was treated with 1-(3-dimethylaminopropyl)-3-ethylcarbodilmide hydrochloride (4.0 g, 20.9 mmol). 
The reaction was stirred at room temperature for 18 hours and was washed sequentially with H2O (2 x 100 
ml). 1 M aqueous citric add (100 ml). HjO (100 nrrf). saturated aqueous NaHCX)3 (100 ml) and H2O (100 ml). 
The organic layer was dried over Na2S04 and was evaporated in vacuo to gh^e a solid which was recrystallized 
from THF/EtOAc to afford 4.62 9 of the title compound as a white solid. 
MS(FD). m/e 341 (M+; 100). 



Anal Calcd for CigHzaNaOai 


Calculated 
Found 


C 66.84. 
C 66.70, 


H 6.79. 
H 6.90. 


N 12.31; 
N 12.36. 



Part B Preparation of the final product (18w) : 

A slurry of (14v) (750 mg, 2.20 mmol) in of EtOH (80 ml) was treated with a stream of HCI gas for 30 min. 
resulting in a clear solution. The reactbn capped and was stirred for 48 hours at ambient temperature at which 
time it was concentrated in vacuo. The residue was resuspended in EtOH (80 ml) and the mbcture treated with 
a stream of ammonia gas for 30 min. The mixture was capped and was stirred at room temperature for 48 houre 
at which time it was evaporated in vacuo to afford 900 mg of a solid which was purified by reverse phase chro- 
matography over a Nova C-18 column using a gradient of 0.5 % NH4OAC in 25 % CH3CN in H2O to 0.5 % 
NH4OAC in 50 % CH3CN in H2O as the eluent to afford 750 mg of the amidino ester as a white solid. 

A slun-y of 500 mg (1.16 mmol) of the imino ether in THF (38 ml) was treated with 0.1 N aqueous LiOH 
(38 ml). The reaction was stirred at room temperature for 1 8 hours and the organic sdvent evaporated in vacuo. 
The aqueous layer was acidified to pH 5 with 1 N aqueous dtric add and the resulting solid filtered and dried 
to afford 382 mg of the title compound as a citrate salt 

iH NMR (300 MHz; MeOH-d4) d 8.20 (s, 1H), 7.73-7.65 (m. 2H). 7.16 (s. 1H). 4.05 (s 3H). 3.44-3.35 (m. 2H). 
2.30 (t. J = 7.3 Hz. 2H). 1.72-1.55 (m. 4H). 1.46-1.35 (m. 4H). 
MS(FD) m/e, 345 (M+1 ; 1 00). 



Anal Calcd for C12H10N2O2: 


Calculated 
Found 


C 62.77. 
C 62.19. 


H7.02, 
H 7.06, 


N 16.27; 
N 15.14. 



HRMS Calculated for C18H25N4O3 345.1927; Found 345.1950 
Example 31 

Preparation of compound (18x) : 




{18x) 
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Part A Preparation of the intermediate (14w) : 



5 




(14w) 

10 

The Intermediate was prepared by the method of (14i) (from Example 17, Part E) by substituting 5-K:ya- 
nobenzothiophene-2-carboxylic acid (35) (from Example 5, Part B) for 5-cyanoindole-2-carboxylic acid. The 
product was purified by chromatography (SiOa, 5 % v/v MeOH/CHCIa) to recover a 32% yield of desired product 
15 as an oil. 

MS(FD),m/e400 (M+) 

Part B Preparation of the intermediate (15r): 

20 



S 



25 




(15r) 



30 The intermediate was prepared according to Example 12, Part F (15d) starting from (14w) to recover a 85 
% yield of the desired product 
FDMS 434 (M+) 





Analysis, Calculated for C22H30N2S2O30 .3 H2O 


35 


Calculated: 


C, 60.03 


H, 7.01 


N, 6.36 




Found: 


C, 59.89 


H, 7.03 


N. 6.72 



Part C Preparation of the Intermediate (16r) : 




(16r) 

so 

The intermediate was prepared according to Example 12, Part G (16d) starting from (15^ to recover a 34 
% yield of the desired product 

Part D Preparation of the title compound (1 8x) : 

Compound (16r) (0.51 g, 1 mmol) was treated with anhydrous anisde (10 ml) and trifluoroacetic acid (10 
ml) at ambient temperature overnight (16 hours). The mixture was concentrated under reduced pressure, 
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mixed with hot EtOAc/MeOH and filtered to recover to 215 mg (45%) of the title compound as the TFA salt 
FDMS m/e 362 

NMR (DMSO/TMS) : d = .8-.9 (d, 3H). 1.1-1.4 (m. 4H). 1.5-1.6 m. 2H). 1.8-1.9 (m. 1H). 1.9-2.3 (m. 2H), 3.2- 
3.3 (m, 2H). 7.8 (m. 1H) .8.2 (s. 1H),8.2-8.3 (d. 1H), 8.4 (s. 1H). 8.8-8.9 (t. 1H), 9-9.1 (bs. 2H), 9.3-9.4 (bs. 2H). 
11.9-12.0 (bs.1H) 



Analysis, calculated for C20H24F3N3O5 


Calculated: 
Found: 


C. 50.52 

C, 50.63 


H. 5.09 
H. 5.21 


N. 8.84 
N. 8.90 



Example 32 

Preparation of compound (18y) : 




{18y) 



Part A Preparation of intermediate (14x) : 




(14x) 



The intermediate was prepared by the method of (14i) (from Example 17. Part E) starting from (22a) (from 
Example 17. Part C) and 5-Cyanobenzofuran-2-carboxylic acid (33) (from Example 6 Part D) to recover a 29 
% yield of the desired product FDMS 384 (M+) 

Part B Preparation of the Intemiediate (15s) : 




(15s) 



The intermediate was prepared according to Example 12, Part F (1 5d). starting from (14x) to recover a 92 
% yield of the desired product FDMS 418 (M^) 
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Analysis, Calculated for C20H30N2SO4 




Calculated: 


C. 63.13 


H. 7.23 


N, 6.69 


5 


Found: 


C. 63.17 


H. 7.21 


N, 6.83 



Part C Preparation of the intermediate (16s): 



15 




{16s) 



20 The Intermediate was prepared according to Example 12, Part G (16d) starting from (15s) to recover a 46 

% yield of the desired product 

Part D Preparation of the title compound (18y): 

25 Compound (16s) (0.552 g, 1.1 mmol) was treated with anhydrous anisole (10 ml) and trifluoroacetic acid 
(10 ml) at ambient temperature overnight (16 hours). The mixture was concentrated under reduced pressure, 
mixed with hot EtOAc and filtered to recover 369 mg (73%) of the title compound as the TFA salt. 
FDIVIS 346 (M*i> 

iH NMR (DMSO/TMS): d = .8-.9 (d, 3H). 1.1-1.4 (m,4H), 1 .5-1.6 (m, 2H), 1.8-1.9 (m, 1H) , 1.9-2.3 (m, 2H), 3.2- 
30 3.4 (m, 2H). 7.7 (s, 1H) , 7.8-8 (m^H), 8.3 (m. 1H) ,8.8-8.9 (t. 1H) , 9.2 (t)s. 4H), 11.9-12.0 (t)s. 1H) 



Analysis, calculated for C20H24F3N3O60H2O 


Calculated: 
Found: 


C, 50.31 

C, 49.94 


H. 5.49 

H, 5.10 


N, 8.80 

N, 8.99 




55 
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Part A Preparation of the intermediate (14y) : 




H 

(14y) 



The intermediate was prepared according to Example 23. Part A (14o) starting from 3-methyl-5-cyanoin- 
doIe-2-cart)oxyiic acid (62) (prepared in Example 3 Part C) and methyl-6-amino heptanoate hydrochloride to 
recover a 73 % yield of the desired product as a tan solid 



Analysis, calculated for C19H23N3O3 


Calculated: 
Found: 


C, 66.84 

C, 66.79 


H. 6.79 
H, 6.86 


N, 12.31 
N, 12.32 



Part B Preparation of the Intenmediate (15t) : 




The intenmediate was prepared by the method of (1 50) (per Example 23, Part B) starting from (14y) to re- 
cover a quantitative yield of the desired product. 



Analysis, calculated for C^gHzsNaSOs^l EtOAc 


Calculated: 
Found: 


C, 59.44 
C. 59.44 


H. 7.17 
H. 7.08 


N. 9.06 
N. 9.30 



Part C Preparation of the intermediate (16t) : 



BOCHN 




H 

(16t) 
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The intermediate was prepared in a manner similar to (16o) (from Example 23, Part C) starting from (15t) 
in 13% yield. 

Part D Preparation of the title compound (18y) : 

The title compound was prepared as the TFAsalt in a manner similar to (18n) (from Example 22, Part D) 
starting from (16t) in 60% yield, FDMS 345 

1H NMR (DMSO/TMS): d = 1.3-1.4 {m,4H), 1.5-1.6 (m, 4H), 2.2 (t, 2H). 2.55 (s. 3H). 3.2-3.4 (m, 2H). 7.5-7.7 
(m, 2H). 8.0 (t. 1H). 8.2 (s. 1H). 8.8 (bs. 2H). 9.2 (bs. 2H), 11.6 (s, 1H). 12.0 (s. 1H) 

Analysis, Calculated for C20H25F3N4O5 



15 



Calculated: 
Found : 



C, 52.40 
C, 52.64 



H, 5.50 
H, 5.48 



N, 12.22 
N, 12.02 



20 



Example 34 

Preparation of compound (18aa) : 



25 



30 



CH:, 0 




TEA 



(ISaa) 



35 



40 



Part A Preparation of the intermediate (60): 



y CH3 O I 



CH3 



(60) 



45 



so 



A 60% dispersion of NaH (1.7 g» 43.2 mmol) was washed with hexane. Dry DMF (40 ml) was added and 
the mbcture cooled to O^'C. A solution of (22a) (from Example 17, part D) In dry THF (40 ml) was added por- 
tionwtse and stinred for 1 hour at O'^C. This mixture was treated with methyl Iodide (4 g, 28.8 mmol) and stinred 
at ambient temperature overnight. The reaction was cooled to 0°C and quenched with saturated aqueous 
NH4CI dropwise. The resulting mixture was diluted with EtOAc and washed with H2O then brine. The organic 
layer was dried over MgS04 and concentrated under vacuum to 5.6 g oil which by NMR contained a small 
amount of DMF. 



55 
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Part B Preparation of the intermediate (14z) : 




(14z) 



The intermediate was prepared by the method of (14w) (from Example 31. Part A) starting from (60) and 
(33) (from Example 6 Part D) to recover a 75 % yield of the desired product. 

Part C Preparation of the Intenmediate (15u) : 



S 




(15u) 



The intermediate was prepared by the method of {15d) (from Example 12. Part F) starting from (14z) to 
recover a 85 % yield of the desired product FDMS 432(1^+) 

Part D Preparation of the intermediate (16u) : 




(16u) 



The intemiediate was prepared by the method of (16d) (from Example 12, Part G) starting from (15u) (pre- 
pared in Part C of this Example) to recover a 42 % yield of the desired product 

Part E Preparation of the final product (18aa) : 

The title compound was prepared as the TFAsalt by the method used to prepare (18x) (from Example 31 . 
Part D) starting from (16u) (from Part D. of this Example) to recover a 66 % yield of the desired product FDMS 
474 

iH NMR (DMSO): d = .8-.9 (m.4H), 1 .0-1 .4 (m, 4H), 1 .4-1 .6 (m. 2H). 1 .7-1 .9 (m. 1 H), 1 .9-2.0 (m. 1 H). 2-2.2 (m. 
1H), 2.8-3.6.(m. 4H), 7.4-7.6 (d. 1H). 7.8-8.0 (m. 2H).8.2 (s. 1H). 9-9.2 (bs,2H). 9.3-9.4 (bs. 2H). 11.9-12.0(bs, 
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Analysis, calculated for C20H24F3N3O6 


Calculated: 
Found: 


C. 53.28 
C. 53.45 


H, 5.54 
H, 5.59 


N. 8.88 
N, 8.65 



Example 35 

10 Preparation of the t)enzyloxy sut)stltuted benzol uran (62) : 



1$ 



20 



m 



TFA 



(62) 



25 



30 



Part A Preparation of the intermediate (50) : 



H3C 




CHO 



OEt 



(50) 



35 



40 



A mixture of p-methoxy salicylaldehyde (20 g, 131 mmol), potassium carbonate (19.9 g, 145 mmol). ethyl 
bromoacetate (24 g, 145 mmol) and DMF (30 ml) was treated with sodium iodide (4 g, 26 mmol) overnight at 
ambient temperature. The mbcture was warmed to 50^*0 for an additional 24 hours. The reaction mbcture was 
then poured into H2O and extracted with ethyl ether. The extracts were washed with IH2OP brine, and dried with 
MgS04. The mixture was concentrated In vacuo to give 33.66 g oil which was used in the next reaction without 
further purification. 



Part B Preparation of the intermediate (55) : 



45 




A mbcture of the crude ethyl ester (50) (32.66 g. 1 37 mmol), 1 ,8-diazabicyclo[5.4.0]undec-7-ene (1 0 g, 66 
mnrK)l) and EtOH (100 ml) was refiuxed for 2 hours, cooled to room temperature, then saturated NH4CI (50 ml) 
added. The mixture was extracted with ether and the extracts washed with H2O. It was then dried with MgS04, 
55 concentrated under reduced pressure, and purified by chromatography (Si02, 10% wN EtOAc-Hexanes) to re- 
cover 17.72 g (59 %) of a crystalline solid. 
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Part C Preparation of the intermediate (56) : 




(56) 



The methoxy ethyl ester (55) (17 g. 77.3 mmol) was heated at 175'C under aigon with dry pyridine hydro- 
chloride 19 hours. The mixture was cooled to room temperature and mixed with 1 N aqueous HCI and ElOAc. 
The organic layer was washed with 1 N aqueous Ha then brine, dried with MgS04 and concentrated In vacuo 
to 12.2 g solid. 

The solid was mixed with dry MeOH (100 ml) and HQ gas was bubbled Into the solution for 10 minutes. 
This mbclure was stirred overnight at ambient temperature then concentrated to 12.83 g (86%) solid. 
FDMS192(W) 



Analysis, Calculated for CioHa04 


Calculated: 
Found: 


0, 82.50 
C, 62.76 


H, 4.20 
H, 4.25 



Part D Preparation of the intermediate (57) : 




C02Me 



(57) 



Phenol (56) (5.7 g, 29.7 mmol) was healed to reflux with potassium carbonate (8.2 g, 59.3 mmol), p-cya- 
nobenzylbromide (6.4 g. 33 mnrwl) and acetone (50 ml) overnight The mixture was concentrated in vacuo to 
dryness and mixed with EtOAc and H2O to get a precipitate which was filtered and rinsed with EtOAc then 
H2O. Recovered 6.5 g (71%) white solid. 
FDMS307(M*) 



Analysis, Calculated for C18H13NO4 


Calculated: 
Found: 


C, 70.35 
C, 70.57 


H. 4.26 
H. 4.30 


N, 4.56 
N. 4.44 
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Part E Preparation of the intermediate (58) 



5 




(58) 

10 

The methyl ester (57) (7 g, 22.8 mmol), was mixed with EtOH (100 ml) and 1 N aqueous NaOH (25 ml). 
This mixture was ref luxed overnight, cooled to room temperature and neutralized with 1 N aqueous. HCI. The 
mixture was concentrated In vacuo gave a solid which was mixed with H2O and EtOAc. This mixture was filtered 
f 5 to yield 4.35 g (65%) solid which was recrystallized from a small amount from MeOH to obtain an analytically 
pure sample. 
FDMS293CM*) 





Analysis, Calculated for Ci7HitN04 


20 


Calculated: 


C. 69.62 


H, 3.78 


N. 4.78 




Found: 


C. 69.74 


H. 3.78 


N, 4.79 



Part F Preparation of the intermediate (59) : 



30 




The intermediate was prepared according to Example 9, Part C (14a) using as starting material (58) and 
glycine hydrochloride methyl ester. 
FDMS 364 (M*) 





Analysis, Calculated for C20H16N2OS 




Calculated: 


C, 65.93 


H. 4.43 


N, 7.69 


45 


Found: 


C, 65.68 


H, 4.51 


N. 7.58 



50 



55 
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Part G Preparation of the intermediate (60) : 



10 




OMe 



(60) 



15 The intemiediate was prepared from (59) by the method of (15a) (from Example 9 Part D) to recover a 
92% yield of the desired product An analytical sample was obtained by trituration with hot CHCMMeOH 
FDMS 398 





Analysis. Calculated for CzoHisNsSOg 


20 


Calculated: 


C. 60.29 


H, 4.55 


N. 7.03 




Found: 


C, 60.43 


H. 4.55 


N, 7.02 



25 



Part H Preparation of the intermediate (61) : 



30 



25 



NH 




(61) 



OMe 



o 



40 



The intemiediate was prepared from (60) according to Example 9 Part E (16a) in a 34% yield. 
FDMS 482 (M*i> 





Analysis, Calculated for CzsHztNsOt* .29 CHCI3 




Calculated: 


C. 51.82 


H, 4.23 


N, 8.02 


45 


Found: 


C, 51.59 


H, 4.09 


N, 7.71 



50 
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Part I Preparation of the title compound (62): 



5 



10 




O 

(62) 



IS The title compound (62) was prepared as the TFAsaitfrom (61) by the procedure of (18n) (from Example 
22 Part D) In a 76% yield. 

iH NMR (DIVISO-ds) : d = 3.9-4.0 (d. 2H). 5.3 (s. 2H). 7.2 (m,1H). 7.4 (d. 1H). 7.5 (s. 1H), 7.6-7.7 (m, 1H), 7.7- 
7.9 (m, 4H). 8.9-9.0 (t. 1H). 9.0-9.1 (bs. 2H), 9.3-9.4 (bs, 2H). 12.7 (bs. 1H) FDMS 368 



Analysis. Calculated for CziH^JFjtizOjo A H2O, .4 


EtOAc 








Calculated: 


C, 51.82 


H. 4.23 


N, 8.02 


Found: 


C, 51.59 


H. 4.09 


N, 7.71 



Example 36 

Preparation of compound with an aminomethyl base functional compound (52a) : 





H 

50 

(51a) 



A mbcture of (14r) (1 .50 g. 4.58 mmol) (from Example 26, Part A) and Raney Ni (0.5 g) In MeOH (100 ml) 
and of NH3 (1 5 ml) was hydrogenated at 500 psi (36.53 Kg/cm^) for 9 hours at 90^C. The reaction was filtered 
and evaporated In vacuo to give 1.43 g of the primary amine as an oil. 

Asolutlon of the crude primary amine (0.450 g) in THF (40 ml) was treated with K2CO3(1.90 g, 13.7 mmol) 
and H2O (30 ml). The mixture was treated with di-tert-butyldicarbonate (1.50 g, 6.87 mmol) and the reaction 
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stirred at room temperature overnight The organic solvent was evaporated in vacuo and the aqueous layer 
extracted with EtOAc (3 x 50 ml). The combined organic layers were dried over Na2S04 and evaporated in va- 
cuo to give 725 mg of an oily solid which was purified by radial chromatography (Si02; 50 % EtOAc in Hexanes) 
to give 550 mg of a white solid. 
MS(FD),m/e431 (M-i-). 



Anal Calcd for C23H33N3O5: 


Calculated 
Found 


C 64.02. 
C 64.26, 


H7.71, 

H 7.72. 


N 9.74; 
N 9.77. 



Part B Preparation of the title compound (52a): 

A solution of (51a) (300 mg. 0.67 mnrrol) in THF (20 ml) was treated with UOH (50 mg. 3.5 mmol) in H2O 
(6 ml). The reaction was heated to mild reflux for 6 hours and was concentrated in vacuo. The residue was 
partitioned between H2O (50 ml) and EtOAc (50 ml). The organic layer was separated and was washed with 
2 N aqueous NaOH (10 ml). The combined aqueous layers were acidified to ~ pH 5 with solid citric acid and 
were extracted with EtOAc (2 x 50 ml). The combined EtOAc extracts were dried over Na2S04 and evaporated 
in vacuo to afford 295 mg of the acid as a white solid. 

The acid (295 mg) was treated with 1 0 ml of a 1 0% anisole in TFA solution and the mixture stirred at room 
temperature for 3 hours. The reaction was concentrated in vacuo and the residue partitioned between 30 ml 
of H2O and 30 ml EtOAc. The aqueous layer was separated, washed with 30 ml ElOAc, acidified to pH 1 with 
5 N aqueous HOI. and lyophitized to afford 210 mg of the title compound as the TFA salt. 
MS(FD), m/e 317 (M+), 

Assay Methods 

The identification of compounds which are active platelet aggregation inhlbltora (PAI) Is made possible by 
the observation that compounds which block the binding of fibrinogen to the GPIIb-llla complex in vitro also 
are capable of inhibiting thrombin or ADP-induced aggregation of human platelets and the formation of platelet- 
thrombi in vivo. This observation provides the basis for obtaining potent PAI's by evaluating the ability of test 
materials to disrupt f ibrinogen-GP llb-llia interactions. 

The following assay methods were used to evaluate the compounds of the invention. 

No. 1 - The GPIIb-llla ELISA Assay: 

In the following assay. GPIIb-llla is prepared In purified form, by a method such as described by Fitzgerald, 
LA. et aL, Ana[ Biochem (1985) 151:1 59-1 77,(the disclosure of which is incorporated herein by reference). 
GPIIb-llla is coated onto mlorotiter plates. The coated support is then contacted with fibrinogen and with the 
test material and incubated for a sufficient time to permit maximal binding of fibrinogen to the immobilized 
GPIIb-llla. Fibrinogen is typically provided at a concentration of about 5-50 nM and the test material can, if 
desired, be added at a series of dilution. Typical incubations are 2-4 hr at 25*0, the time and temperature being 
interdependent 

After incubation, the solution containing the fibrinogen and test material is removed and the level of binding 
of fibrinogen measured by quantitating bound fibrinogen to GPIIb-llla. Any suitable means of detection may 
be used, but it is convenient to employ labeled fibrinogen, for example using biotinyiated labels. Such methods 
are well known in the art 

Detailed Description of GPIIb-llla EUSA Assay 

Purified platelet GPIIb-llla receptor was prepared as described by Fitzgerald. LA. et aL, Anal Biochem 
(1985) 151:169-177. Vitronectin receptor was prepared as described by Smith, J.W.. J. Btol Chem (1988) 
263:18726-18731. After purification, the receptors were stored in 0.1% Triton X-100 at 0.1-1 .0 mg/ml. 

The receptore were coated to the wells of 96-well flat-bottom ELISA plates (Linbro EIA-Plus microtiter plate. 
Flow Laboratories) after diluting 1:200 with a solution of 20 mM Tris-HQ. 150 MM NaCl. 1 mM Caa2, pH 7.4^ 
to reduce the Triton x-100 concentration to below its critical micellar concentration and adding an aliquot of 
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100 ul to each well. The wells were all allowed to Incubate overnight at 4''C, and then aspirated to dryness. 
Additional sites were blocked by the addition of bovine serum albumin (BSA) at 35 mg/ml in the above buffer 
for 2 hours at SO^'C to prevent nonspecific binding. The wells were then washed once with binding buffer (50 
nM Tr!s-HCI. 100 mM Nad 2 mM CaClz, 1 mg/ml BSA). 
5 The corresponding llgands (fibrinogen, von Willebrand Factor, or vitronectin) were conjugated to biotin us- 

ing commercially available reagents and standard protocols. The labeled ligands were added to the receptor- 
coated wells at final concentration of 10 nM (100 ul/well) and Incubated for 3 hours at 25 ""C in the presence 
or absence of the test samples. After incubation, the wells are aspirated to dryness and bound ligand Is quan- 
tltated. 

10 The bound protein Is detected by the addition of antibiotin antibody conjugated to alkaline phosphatase 
followed by addition of substrate (p-nitrcphenyl phosphate), and determination of the optical density of each 
welt at 405 ni\^. Decreased color development is observed In wells Incubated with test samples which Inhibit 
binding of ligand to receptor. 

15 No. 2 - The Platelet Aggregatton Assay (PRP): 

In addition to the ELISA GPIIb-llla assay previously described the Aggregation-Human/PRP/ADP Assay 
is useful for evaluating therapeutic compounds. 

Platelet-rich plasma was prepared from healthy human volunteers for use In determining inhibition of pla- 
20 telet aggregation by the compounds. Blood was collected via a 21 gauge butterfly cannula, using a two-syringe 
technique into 1/10 volume of 10% trisodium citrate. 

Platelet-rich plasma was prepared at room temperature by centrif ugatk)n of the citrated whole blood at 
100 X g for 1 5 minutes. The platelet rich plasma contained approximately 200-400,000 platelets/^1. 

Platelet-poor plasma was prepared by centrifugation of citrated whole blood at 12,000 x g for 2 minutes. 
25 Platelet aggregation was assayed In a 4-channel platelet aggregation profiler (PAP-4, Biodata, Hatboro, 
PA) according to the manufacturers directions. Inhibition of platelet aggregation was studied by adding varying 
amounts of test compounds to stirred human platelet-rich plasma. Specifically, the human platelet-rich plasma 
was incubated with test compounds for 1 minute at 37^0 prior to the addition of a variety of aggregating agents 
most often ADP 5 ^M, but also 1 ^g/ml collagen, 1 U46619 or 1 ^M platelet activating factor. 

30 
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TABLE OF ASSAY TEST RESULTS 





Biological Data 


5 


Example # 


EUSAICsoMHi 


PRP ICso nm 




9 


4.45 


40 




10 


68 


»100 


10 


11 


»100 


»100 




12 


1.2 


9.0 




13 


5.25 


28 


15 


14 


21.5 


»100 


15 


12 


»100 




16 


19 


»100 




17 


0.21 


2i7 


20 


18 


0.33 


5.8 




19 


0.63 


30 




20 


0.8 


70 


25 


21 


0.38 


2.5 




22 


0.04 


0.27 




23 


0.74 


9.0 


30 


25 


0.13 


0.8 




26 


.7 


2.7 




27 


41.33 


100 


35 


28 


42.66 


100 


29 


1.4 


5.8 




30 


3.0 


8 


40 


31 


0.32 


3.3 


32 


0.01 


0.23 




33 


2.6 


5.0 




34 


0.03 


0.3 


45 


35 


3.4 


100 




36 


4.23 


25 



50 Pharmaceutical Compositions 

Pharmaceuticals containing compounds of the invention can be administered orally In the form of tablets, 
capsules, solutions, emulsions or suspensions, or rectally. for example in the form of suppositories, or as a 
spray. Administration can also take place parenterally. for example in the fonm of injectable solutions. 
55 Tablets are prepared by mixing the Active Ingredient ("Active Ingredienr is a compound corresponding to 

formula I. of the invention) with pharmaceutically inert, inorganic or organic exdpients. Examples of such ex- 
cipients which can be used for tablets, are lactose, maize starch or derivatives thereof, talc, stearic acid or 
salts thereof. Examples of suitable excipients for soft gelatin capsules are vegetable oils, waxes, fats, seml- 
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solid and liquid polyols. 

Suitable exciplents for the preparation of solutions and syrups are water, polyols, sucrose, invert sugar 
and glucose, suitable 

Suitable exdpients for injectable solutions are water, alcohols, polyols, glycerol and vegetable oils. 
5 These pharmaceutical products can additionally contain preservatives, solubilizers. stabilizers, wetting 

agents, emulsif iers, sweeteners, colorants, flavorings, buffers, coating agents and antioxidants. 

Phamnaceutical compositions of this invention for parenteral injection comprise phamnaceutically accept- 
able sterile aqueous or nonaqueous solutions, dispersions, suspensions or emulsions as well as sterile pow- 
ders for reoonstitution Into sterile injectable solutions or dispersions just prior to use. 
10 The Active Ingredient can also be made in micro-encapsulated form. 

Exemplary fomnulations using the Active Ingredient are described below. 

Formulation 1 



15 Hard gelatin capsules are prepared using the following Ingredients: 







(mg/capsule) 




Active Ingredient 


250.0 


20 


Starch 


305.0 




Magnesium stearate 


5.0 



The above ingredients are mixed and filled into hard gelatin capsules in 560 mg quantities. 

25 

Formulation 2 



A tablet formula is prepared using the ingredients below: 



30 




(mg/tablet) 




Active Ingredient 


250.0 




Cellulose, microcrystalllne 


400.0 


35 


Colloidal silicon dioxide 


10.0 




Stearic acid 


5.0 



The components are blended and compressed to form tablets, each weighing 665 mg. 

40 

Formulation 3 

A dry powder Inhaler formulation Is prepared containing the following components: 





Weight % 


Active Ingredient 
Lactose 


5 

95 



The active mixture is mixed with the lactose and the mixture is added to a dry powder inhaling appliance. 
Formulation 4 

Tablets, each containing 60 mg of active ingredient, are prepared as follows: 
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Active Ingredient ^ 
Starch 

45.0 

Microcrystalline cellulose 35 q 



Poly viny Ipy rrol idone 
(as 10% solution in water) 
Sodiiiin carboxymechyl starch 
Magnesium ste'arate 
Talc 
Total 



4.0 
4.5 
0.5 
1.0 
150.0 



The Active Ingredient, starch and cellulose are passed through a No. 20 mesh U.S. sieve and mixed thor- 
oughly. The solution of polyvinylpyrrolidone is mixed with the resultant powders, which are then passed through 
a 16 mesh U.S. sieve. The granules ao produced are dried at 50-60°C and passed through a 16 mesh U.S. 
Sieve. The sodium cartDOxymethyl starch, magnesium stearate, and talc, previously passed through a No. 30 
mesh U.S. Sieve, are then added to the granules which, after mixing, are compressed on a tablet machine to 
yield tablets each weighing 150mg. 

Formulation 5 

Capsules, each containing 80 mg of medicament are made as follows: 





(milligrams) 


Active Ingredient 


80.0 


starch 


109.0 


Magnesium Stearate 


1.0 


Total 


190.0 



The active ingredient, cellulose, starch, and magnesium stearate are blended, 
mesh U.S. sieve, and filled into hard gelatin capsules In 190 mg quantities. 



passed through a No. 20 



Formulation 6 

Suppositories, each containing 225 mg of active Ingredient are made as follows: 



Acth^e Ingredient 

Saturated fatty aad glycerides to 



225 mg 
2000 mg 



The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in the saturated fatty 
acid glycerides previously melted using the minimum heat necessary. The mbrture is then poured Into a sup- 
pository nrrald of nominal 2.0 g capacity and allowed to cool. 



Fonmulation 7 



Suspensions, each containing 50 mg of medicament per 5.0 mL dose are made as-follows: 
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Active Ingredient 


0 ma 




Xanthan gum 


4.0 mQ 


5 


Sodium cartx>xynnethyl cellulose (11%) 






Microcrystalline cellulose (89%) 


50 0 ma 






1 7<« #« 

i.f o g 


10 


Sodium benzoate 


10.0 mg 




Flavor 


q.v. 




Color 


q.v. 


15 


Purifed water to 


5.0 mL 



The medicament sucrose and xanthan gum are blended, passed through a No. 10 mesh U.S. sieve, and 
then mixed with a previously made solution of the microcrystalline cellulose and sodium carboxymethyi cellu- 
lose In water. The sod ium benzoate, flavor, and color are d iluted with some of the water and added with stirring. 
20 Sufficient water is then added to produce the required volume. 

Formulation 8 

Capsules, each containing 150 mg of medicament, are made as follows: 





(milligrams) 


Active Ingredient 


150.0 


Starch 


407.0 


Magnesium stearate 


3.0 


Total 


560.0 



The Active Ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 20 
mesh U.S. sieve, and filled Into hard gelatin capsules in 560 mg quantities. 

Method of Treatment 

This invention provides a method of preventing or treating thrombosis in mammals, especially humans, 
which method comprises administering to the human or mammal a therapeutically effective amount of the conv 
pounds of this invention. The platelet aggregation Inhibitors f PAIs") of the Invention are useful therapeutically 
to prevent thrombus formation. Indications appropriate to such treatment Include, without limitation, athero- 
sclerosis and arteriosclerosis, acute myocardial infarction, chronic unstable angina, transient ischemic attacks 
and strokes, peripheral vascular disease, arterial thrombosis, preeclampsia, embolism, restenosis and/or 
thrombosis following angioplasty, carotid endarterectomy, anastomosis of vascular grafts, and chronic cardi- 
ovascular devices (e.g., in-dwelling catheters or shunts "extracorporeal circulating devices"). These syn- 
dromes represent a variety of stenotic and occlusive vascular disorders thought to be initiated by platelet ac- 
tivation on vessel walls. 

The PAIS may be used for prevention or abortion of arterial thrombus formation, in unstable angina and 
arterial emboli or thrombosis, as well as treatment or prevention of myocardial infarction (Ml) and mural thronv 
bus formation post Ml. For brain-related disorders, treatment or prevention of transient ischemic attack and 
treatment of thrombotic stroke or stroke-in-evolutlon are included. 

The PAIS may also be used for prevention of platelet aggregation, embolizatbn, or consumption In extrac- 
orporeal circulations, including Improving renal dialysis, cardiopulmonary bypasses, henrraperfustons, and 
plasmapheresis. 

PAIS prevent platelet aggregation, embolization, or consumption associated with intravascular devices, 
and administration results in improved utility of intraaortic balloon pumps, ventricular assist devices, and ar- 
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terial catheters. 

The PAIS will also be useful In treatment or prevention of venous thrombosis as In deep venous thrombosis, 
iVC, renal vein or portal vein thrombosis, and pulmonary venous thrombosis. 

Various disorders involving platelet consumption, such as thrombotic thrombocytopenic purpura are also 
treatable. 

In addition, the PAIs of the present invention may be used in numerous nontherapeutic applications where 
Inhibiting platelet aggregation is desired. For example, Improved platelet and whole blood storage can be ob- 
tained by adding suffident quantities of the compounds, the amount of which will vary depending upon the 
length of proposed storage time, the conditions of storage, the ultimate use of the stored material, etc. 

Preferably, the compounds of this invention are administered in the fbrnn of a pharmaceutical formulation. 
Thus, the compounds of this Invention may be administered orally, parenterally. topically, rectally and etc.. in. 
appropriate dosage units, as desired. 

The term, "parenteral" as used herein includes subcutaneous, intravenous, intraarterial, injection or infu- 
sion techniques, without limitation. The term, "topically" encompasses administration rectally and by Inhalation 
spray, as well as the more common routes of the skin and the mucous membranes of the mouth and nose. 

Actual dosage levels of active ingredients in the pharmaceutical compositions of this invention may be 
varied so as to administer an amount of the active compound(s) that is effective to achieve the desired ther- 
apeutic response for a particular patient Atypical daily dose will contain a non-toxic dosage level of from about 
0.01 mg/kg to about 50 mg/kg of body weight of an active compound (of formula I) of this invention. Prefen-ed 
daily doses generally will be from about 0.05 mg/kg to about 20 mg/kg and ideally from about 0.1 mg/kg to 
about 10 mg./kg. 

The active ingredient in a pharmaceutical formulation of this invention comprises from 0.1% to 99.9% by 
weight of the fomulation. 

The selected dosage level will depend upon the activity of the particular compound, the route of adminis- 
tration, the severity of the condition being treated, and the condition and prior medical history of the patient 
being treated. However, it is within the skill of the art to start doses of the compound at levels lower than required 
to achieve the desired therapeutfc effect and to gradually increase the dosage until the desired effect is ach- 
ieved. If desired, the effective daily dose may be divided into multiple doses for purposes of administration, 
e.g.. two to four separate doses per day. It will be understood, however, that the specific dose level for any 
particular patient will depend upon a variety of factors including the body weight, general health, diet, time and 
route of administration, combination with other drugs and the severity of the particular disease being treated. 

Many modifications and variations of this invention may be made without departing from its scope, as is 
apparent to those skilled in the art The specific embodi ments described herein are offered by way of example 
only, and the invention is to be limited only by the terms of the appended claims. 



Claims 

1. A 5,6 bicydic compound which inhibits platelet aggregation in mammals, said compound represented by 
the formula (I), and all pharmaceutically acceptable salts, solvates, and prodrug derivatives thereof: 




wherein: 

X,. X2, and X3 of the 5 membered ring are independently selected from carbon, nitrogen, sulfur, 
and oxygen, with the proviso that at least one of X,. X2, and X3 is cartjon; 

X4, Xs, Xe, and X7 are independently selected from carbon, nitrogen, sulfur, and oxygen, with the 
proviso that at least two of X4. Xg. Xe. and X7 are carbon; 
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Xsa, the bridging atom, is selected from the group consisting of carbon and nitrogen; 
B is a basic group linked to the six membered ring by linking group -(U)-, where -(U)- is; 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

A is an acidic group linked to the five membered ring by linking group -(La)-, where -(L«)- is; 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

n is an Integer selected from 1 to 5; 

(Ri )n are organic radicals attached to one or more of the atonns Xi , X2, and X3 of the five membered 
ring and where Ri are independently selected from A. A-(La)-, hydrogen, alkyl, halosubstituted alkyi, hy- 
droxylalkyl, alkenyf, alkynyl, cycioalkyl, aryl, aryloxy, aratkyi, hydroxy, alkoxy, aralkoxy, carbamyl, car- 
boxy, acyl, cyano, halo, nitro, sulfo, and when any of Xi, X2> and X3 have two sites for substitution, then 
Ri may also be =0; 

m is an integer selected from 1 to 7; 

(R2)tn are organic radicals attached to one or more of the atoms X4. Xs, Xe, and X7 of the six mem- 
bered ring and where R2 are independently selected from B, B-(L|>)-, hydrogen, alkyI, hydroxyalkyi, halo- 
substituted alkyI, alkenyl, alkynyl, cycioalkyl, aryl, aryloxy, aralkyi, hydroxy, alkoxy, aralkoxy, carbamyl, 
amino, substituted amino, acyt, cyano, halo, nitro, sulfo, and when any of X4, Xe, Xe, and X7 have two sites 
for substitution, then R2 may also be =0. 

The compound of Claim 1 wherein the acidic group A is selected from the group consisting of: 

- 5-tetrazolyl, 

- SO3H. 

- carboxyl, 





?4 



? 0 (CH2 )n N R4 , 



OH 



R4 
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CONR' 

(pyridinyl) , 

and 

SO2R' 

and where R' is H or C1-C12 alkyl. 

The compound of Claim 1 wherein the acidic carboxyl group with linking group A-(La)- is selected from 
groups represented by the formulae: 



H 




0 
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and where R7 is selected from hydrogen and CrCi2 alkyi, phenyl, C1-C12 alkenyl, CrCi2 alkynyl, and C4- 
Cs cydoalkyl. 

4. The compound of Claim 1 wherein the basic group with linking group B is selected from the sut)stituents 
selected from the group of the following twelve fonmulae: 
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^ ■ 





NH 




ft 





The compound of Qaim 1 where the sum of the chain atonris in -(Lb)- and -(La)- of formula II Is from 6 to 
16. 

A 5.6 bicydic indole-type compound represented by the formula (III), and all pharmaceutically acceptable 
salts, solvates, and prodrug derivatives thereof: 




/ 

X3 



/ 



X2 (La) 



(III) 



N 

I 

R3 



wherein: 

X2 and X5 are carbon; 

X3 Is independently selected from carbon and nitrogen; 
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X4, Xe. and X7 are Independently selected from carbon and nitrogen, with the proviso that at least 
two of X4, Xe, and X7 are cart)on; 

B is a basic group linked to the six membered ring by linking group -(U)-! where -(U)- is; 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

A is an acidic group linked to the five membered ring by linking group -(La)-, where -(La)- is; 
(0 a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

Ri is selected from A, A-(L«)-. hydrogen, alkyl. hydroxyaikyi, halosubstitutedalkyi, alkenyl, alkynyl, 
cydoalkyi, aryl, aryloxy, aralkyt, hydroxy, alkoxy, aralkoxy, cart>amyl, carboxy, acyt, cyano, halo, nitro, sul- 
fo; 

p is an integer selected from 1 to 3; 

(R2)p are organic radicals attached to one or more of the atoms X4, Xe, and X7 of the six membered 
ring and where R2 are independently selected from B, B-(Lb)-, hydrogen, alkyl, halosubstituted alkyt, hy- 
droxyaikyl, alkenyl, alkynyl, cydoalkyi, aryl, aryloxy, aralkyi, hydroxy, alkoxy, aralkoxy, carbamyl, amino, 
substituted amino, acyt, cyano, halo, nitro, and sulfo; and 

R3 is hydrogen, halo, C1-C4 alkyl. C2-C4 alkenyl, C2-C4 alkynyl, C1-C4 alkoxy, C1-C4 haloalkyl. aral- 
kyi, alkaryl, hydroxyalkyi and acyl. 

A 5,6 bicyclic benzof uran-type compound represented by the formula (V). and all pharmaceutically ac- 
ceptable salts, solvates, and prodrug derivatives thereof: 



X2 and Xe are carbon; 

X3 is independently selected from carbon and nitrogen; 

X4, Xe, and X7 are independently selected from carbon and nitrogen, with the proviso that at least 
two of X4, Xe, and X7 are carbon; 

B is a basic group linked to the six membered ring by linking group -(Lb)-, where -(U)- is; 

(i) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

A is an acidic group linked to the five membered ring by linking group -(La)-, where -(La)- is; 
(I) a bond, or 

(ii) a divalent substituted or unsubstituted chain of from 1 to 15 atoms; 

Ri Is selected from A, A-(La)-, hydrogen, alkyl, hydroxyalkyi, halosubstituted alkyl, alkenyl, al- 
kynyl, cydoalkyi, aryl, aryloxy, aralkyi, hydroxy, alkoxy, aralkoxy, carbamyl, carboxy, acyl, cyano, halo, 
nitro. sulfo; 

p is an integer selected from 1 to 3; 

(R2)p are organic radicals attached to one or more of the atoms X4, Xe, and X7 of the six membered 
ring and where R2 are Independently selected from B, B-(Lb)-, hydrogen, alkyl, halosubstituted alkyl, 
hydroxyalkyi, alkenyl, alkynyl, cydoalkyi, aryl, aryloxy, aralkyi, hydroxy, alkoxy, aralkoxy, carbamyl, 
amino, substituted amino, acyl. cyano, halo, nitro, and sulfo. 

A 5,6 bicydic benzothiophene-type compound represented by the formula (VI), and all pharmaceutically 
acceptable salts, solvates, and prodrug derivatives thereof: 




wherein: 



123 



EP 0 655 439 A2 




(La) A (VI) 



10 

wherein: 

X2 and Xs are carbon; 

X3 is independently selected from carbon and nitrogen; 

X4. Xe, and X7 are Independently selected from carbon and nitrogen, with the proviso that at least 
15 two of X4, Xe, and X7 are carbon; 

B is a basic group linked to the six membered ring by linking group -(Lb)-, where -(1^,)- Is; 

(i) a bond, or 

(II) a divalent substituted or unsubstrtuted chain of from 1 to 15 atoms; 

A Is an acidic group linked to the five membered ring by linking group -(L^)-. where -(La)- Is; 
20 (i) a bond, or 

(ii) a divalent substituted or unsubstituled chain of from 1 to 15 atoms; 

Ri is selected from A. A-(La)-, hydrogen, alkyi, hydroxyalkyl. halosubstltuted alkyl. alkenyl. alkynyl. 
cydoalkyl, aryl. aryloxy. analkyl. hydroxy, alkoxy. aralkoxy, carbamyl. carboxy, acyl, cyano. halo, nitro. sul- 
fo; 

25 p Is an integer selected from 1 to 3; 

(R2)p are organic radicals attached to one or more of the atoms X*. X©, and X7 of the six membered 
ring and where R2 are independently selected from B. B-(Lb)-, hydrogen, alkyl. halosubstltuted alkyl. hy- 
droxyalkyl. alkenyl. alkynyl. cydoalkyl. aryl, aryloxy, aralkyi, hydroxy, alkoxy. aralkoxy, carbamyl, amino, 
substituted amino, acyl, cyano, halo, nitro, and sulfo. 

9. A pharmaceutical formulation comprising as an active Ingredient, a compound of Claim 1 together with a 
pharmaceutically acceptable canier or diluent therefor. 

10. A method of effecting inhibitbn of platelet aggregation which comprises administering to a mammal an 
35 effective amount of the compound of Claim 1 . 
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